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INTRODUCTION 

This report summarizes results of research conducted in FY-74 and 
FY-75 on the use of polymers in concrete. An earlier Civil Engineering 
Laboratory (CEL) report of research conducted in FY-72 and FY-73 also 
contained results on the use of polymers in mortar [1].  In both of 
these studies, the polymers were introduced into the mixer along with 
aggregates, cement, and water. Hardening of the polymer (polymerization) 
was accomplished either by chemical means, by application of moist heat 
(steam), or by evaporation of water to coalesce the latex into a solid 
polymer. 

Based on results of the first report, research in FY-74 and FY-75 
was limited to the most promising of the polymers.  Strength properties 
were determined on test specimens at ages from 1 day to 1 year. 

This report also contains suggestions for uses of polymer-modified 
concretes, including recommended quantities of polymers and mixing, 
placing, and curing requirements.  Incremental cost data are included as 
well as commercial sources of the materials. 

BACKGROUND 

In 1967 Brookhaven National Laboratory (BNL), the U. S. Bureau of 
Reclamation (USBR), and the Atomic Energy Commission (AEC) began a joint 
venture on the strengthening of concrete with polymers. Later the 
Office of Saline Waters (OSW) became involved by support of work at USBR 
on the properties of concrete exposed to hot brine and distilled water. 
The main thrust of their work was polymer impregnation of precast concrete. 
This research by these agencies resulted in five topical reports issued 
in 1968, 1969, 1971, 1972, and 1973 [2 through 6]. 

In 1969 the Federal Highway Administration (FHWA) initiated support 
of a research program at BNL to investigate the use of concrete polymer 
materials for highway applications, with eventual special emphasis on 
polymer impregnation of bridge decks. This research resulted in reports 
Issued in 1970, 1972, 1973, and a final report in 1975 [7 through 10]. 
In the years between 1970 and the present, many state highway departments, 
universities, and other agencies have conducted laboratory research and 
related field studies on the use of polymers in concrete. Very few 
long-term studies have been made on polymers added at the mixer. One of 
the notable exceptions was a study conducted in the Soviet Union by 
V. I. Solomatov, the results of which were published in Russian in 1967. 
The AEC completed and published a computer translation of this report in 
1970 [11]. Work with latexes was published by Eash and Shafer [12]. 
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DEFINITION OF TERMS 

For the most part the terms used In this report relating to polymers 
in concrete (and mortar) are those adopted by American Concrete Institute 
(ACI) Technical Committee 548, Polymers in Concrete. Membership of ACI 
Committee 548 includes representatives of BNL, FHWA, USBR, CEL, and many 
other universities, federal and state agencies, and companies involved 
and interested in the use of polymers in concrete. 

Polymer-modified Portland Cement Concrete (PPCC) - liquid polymeric 
material is introduced into Che mixer along with aggregates, 
Portland cement, and water; the polymeric material is subse- 
quently hardened.  (For mortar, involving no aggregate larger 
than U. S. sieve size no. 4, the abbreviation is PPCM, other 
things being the same as for concrete.) 

Polymer-modified Regulated Set Cement Concrete (PRCC) - same 
definition as for PPCC, except that Regulated Set Cement is 
used instead of portland cement. 

Latex - a milk-like emulsion consisting of small globules of 
synthetic resin (plastic) dispersed in water.  The globules of 
plastic are dispersed in the water either following poly- 
merization or, more frequently, the globules are formed from a 
liquid monomer by a process called emulsion polymerization. 
The globules then coalesce into larger hardened polymeric 
particles as  the water is removed from the system either by 
evaporation, by reaction with the cement (hydration), or by 
both mechanisms. 

Epoxy Resin - a liquid polymer of relatively low molecular weight 
which forms a solid polymer when reacted chemically with a 
curing agent. 

Hardening - the chemical process by which a liquid polymeric 
material is converted to a solid polymer; in the case of a 
latex, the polymeric particles coalesce upon loss of water and 
form a solid product. 

Curing Agents - chemicals which produce hardening (polymerization), 
especially of epoxy systems, by entering into the reaction and 
becoming a part of the resulting polymer.  The curing agent 
used in the tests reported herein was a modified polyamine. 

Vim imtimi n ,1'ri fa mn 11 Hin. 
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RESEARCH PROGRAM 

Approach 

At the outset of the program, it was suspected that the natural 
high alkalinity of the cement-water solution (pH • 12 to 13) would tend 
to hydrolyze most polyester-type materials. For this reason, the polymers 
investigated in the initial study were epoxies and latexes believed to 
be relatively unaffected by the alkalinity of the cement paste.  It was 
also reasoned that in order to achieve a stronger product by synergizlng 
the inherent strength of the hardened cement paste with that of the 
hardened polymer, excellent bonding between the two must be accomplished. 
The basic gel-like structure of hardened cement paste, consisting of a 
matrix of solid material (mostly calcium silicates) encompassing many 
small pores (gel pores) and a fewer number of larger pores (capillaries), 
is well known. An ideal composite material would be one in which the 
polymer fills all the pores of the cement paste and bonds tenaciously to 
the solid material.  Therefore, it was deemed necessary to accomplish as 
much cement hydration (formation of hardened cement paste) as possible 
prior to hardening of the polymer. 

Initially, the cement chosen for the study was portland Type III, 
High Early Strength.  Initial set of Type III cement takes place in 2 to 
4 hours and the 7-day compressive strength of concrete made with this 
cement is approximately equivalent to the 28-day strength of concrete 
made with conventional pörtland cement.  In the initial tests, polymer 
was added to the mixer immediately following addition of the mixing 
water. Results of these initial tests were poor, however, and it was 
reasoned that (1) the presence of the polymer may have impeded early 
hydration and (2) the cement should be allowed to begin to hydrate for 
some time prior to addition of the polymer. Accordingly, subsequent 
procedures allowed the portland cement mixtures to stand for periods up 
to 1 hour before addition of the polymer.  Test results showed compres- 
sive strengths several orders of magnitude higher than when the polymer 
was added immediately after addition of the mixing water.  Still later 
in the program, an experimental nonchloride accelerator was made available 
to CEL which enabled rapid hydration of the portland cement and allowed 
addition of the polymer within 15 minutes of initial mixing of the 
cement and water. 

Regulated Set cement was then introduced into the program.  Initial 
set of this type of cement normally occurs within 20 to 30 minutes, and 
the introduction of polymers and curing agents extended this time to 
between 1 and 1-1/2 hours. 

At the beginning of the study it was hoped that curing of the 
concrete mix containing the polymeric material in ambient laboratory air 
would enable sufficiently rapid strength gain.  It was soon learned, 
however, when using epoxies and curing agents in portland cement concrete, 
that the cement hydration process needed acceleration, so low pressure 
steam curing for 16 hours at 150 F was utilized thereafter.  The steam 
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accelerated both the hydration of the cement and the hardening of the 
epoxy. Although latex manufacturers normally recommend only air curing 
for their products when used in concrete, some of the latex specimens in 
this study were also steam-cured for comparison. 

As reported previously [1], the first portion of this research 
program involved investigation of as many polymeric ingredients as 
possible, using early compressive strength (1 to 7 days) as the criterion 
of relative success of a given product. About 40 different combinations 
of materials were tested in this period (FY-72 and FY-73), with most of 
them eliminated from further investigation because of unsatisfactory 
results. Research in FY-74 and FY-75 concentrated on more complete 
studies utilizing (1) one epoxy and an epoxy curing agent and (2) one 
latex.  Compressive strengths, Young's moduli, splitting tensile strengths, 
and flexural strengths were determined on multiple specimens for test 
ages up to 1 year. 

Aggregates Utilized 

Aggregates used in the research program consisted of local sand and 
gravel from the Santa Clara River.  Except for a few tests involving gap 
grading, sand and gravel gradations conformed to ASTM C 33-71. Maximum 
size aggregate was 3/8-inch (pea gravel). 

Cements Utilized 

Cements Involved in the program were (1) Type III portland, High 
Early Strength and (2) Regulated Set Cement.  Sources of these cements 
are included in Appendix A. 

Polymers Utilized 

As stated earlier, research in this portion of the study was limited 
to concrete mixtures made with one epoxy (Celanese Epi-rez 5077), and 
one epoxy curing agent (Ancamine T-1, a modified polyamine). Ratio of 
curing agent to epoxy was 1:5.  Shell Epon 815 showed similar results in 
the first portion of the study and could be substituted for the Epi-rez 
5077. The latex used was Dow 464, a saran. An anti-foaming agent (Dow 
Corning Antifoam B), was used to prevent foam formation when using the 
latex. Appendix A contains listing and source of all pertinent materials 
used in the program. 

Mixing Procedures 

Mixing procedures used in preparing the test specimens follow. 

* « •<• i'r- vvhmaii'ftk 
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Portland Cement Concretes Without Accelerator. 

1. Mix aggregates and cement dry for 1 minute. 

Add required water and mix for 3 minutes. 2. 

3. 

4. 

5. 

Stop mixer and allow concrete to stand for 1 hour, mixing 
for 15 seconds each 10 minutes. 

Add polymer and mix for 3 minutes. 

Place polymer-modified concrete in molds. 

Portland Cement Concretes With Accelerator. 

1. Mix aggregates and cement dry for 1 minute. 

2. Add required water and accelerator and mix for 3 minutes. 

3. Stop mixer and allow concrete to stand for 15 minutes. 

4. Add polymer and mix for 3 minutes. 

5. Place polymer-modified concrete in molds. 

Regulated Set Cement Concretes. 

1. Mix aggregates and cement dry for 1 minute. 

2. Add required water and mix for 3 minutes. 

3. Add polymer and mix for 3 minutes. 

4. Place polymer-modified concrete in molds. 

Epoxy and Curing Agent. 

1. Mix epoxy and curing agent and let stand for 10 minutes 

2. 

Latex. 

1. 

2. 

to allow curing agent to begin to react. 

Add to concrete mix at required time. 

Add the antifoaming agent to the premixed latex. 

Place in the mixer at the required time.  (Latex 464 
is 50% solids and 50% water, so this water must be 
taken into consideration when adding the mixing 
water.) 

Compaction Methods 

At the beginning of the program, the mixtures containing epoxies 
were compacted into the cylinder molds by vibration.  It was soon obvious, 
however, that the material does not respond well to vibration. For most 
of the epoxy mixtures, vibration provided minimal compaction. Hand 
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packing (like ice cream is hand-packed into a carton) of the material in 
the molds was the next method utilized.  This method performed fairly 
well when used in conjunction with vibration. A third method of compact- 
ion, the most effecient developed to date, was bind-tamping in two 
layers, combined with vibration. 

Most of the epoxy materials, when mixed with cement and water, 
cause severe water separation, or bleeding of the mixing water, as the 
mixture is compacted into a mold.  Compressive strength test results 
seem to indicate that this bleed water is the excess water usually 
required in concrete for workability, and therefore the elimination of 
this water does not affect deleteriously the subsequent strength- 
producing cement hydration. 

Latex materials seemed to mix well with the basic concrete, and 
compaction into molds was easily accomplished by vibration. 

Curing Methods 

Curing methods used in this study were (1) low pressure steam (S+A) 
and (2) ambient laboratory air (A).  The curing cycle of specimens to be 
steam-cured was as follows:  (1) steam-curing at 150 F for 16 hours, (2) 
removal from mold at age 1 day and ambient air-curing for the remaining 
time until tested.  ''Ambient air curing*' means that the specimen was 
placed in a laboratory room at ambient temperature and humidity, un- 
controlled except for normal heating.  Specimens to be air-cured were 
removed from molds at age of 1 day and then placed in the same laboratory 
room (mentioned above) until time to be tested. 

Concrete Mixes 

Experimental tests were made with the following basic concrete 
mixes: 

1. Water-cement ratio (W/C) = 0.50; cement content =8.0 sacks 
(752 pounds) per cubic yard; nominal slump = 3 inches. 

2. W/C = 0.60; cement content =6.9 sacks (649 pounds) per cubic 
yard; nominal slump = 3 inches. 

3. W/C = 0.70; cement content =5.9 sacks (555 pounds) per cubic 
yard; nominal slump = 3 inches. 

For the sake of brevity in this report, the means of identifying 
the basic concrete mix design is by the cement content; e.g. '5.9 
PPCC" means the basic concrete mix had a cement content of 5.9 sacks 
(555 pounds) per cubic yard, a W/C = 0.70, and made with portland cement. 
The term ''5.9 PRCC" means the same basic concrete mix made with Regula* 
ted Set cement. 

» 
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Results of tests made on concretes containing no polymers are 
referred to as '•control'' data. A few polymer-modified concrete tests 
were made with concretes having cement contents of 6.9 and 8.0 sacks/cu yd, 
but most of the experimental studies were made on the 5.9 sack mix 
because:  (1) polymers did not significantly increase the concrete 
strengths compared to the control strengths (strength -atios) in the 6.9 
and 8.0 sack mixes and (2) the 5.9 sack mix is a che^er and basically 
weaker mix and addition of polymers showed dramatic strength increases 
compared to the control strengths.  The control strengths are shown in 
Appendix B. 

Polymer Loading 

In this report the loading or concentration of the polymers is 
stated in relation to the weight of cement used in the basic mix.  For 
example, an epoxy loading of 50% in the 5.9 sack mix (555 lb/cu yd) 
means 0.50 x 555 pounds = 277 pounds of epoxy per cubic yard of concrete. 
Relating polymer loading to weight of cement is more meaningful than 
relating it to total weight because the total weight is dependent also 
on the amount of water needed for each batch, whereas the cement content 
is constant once a given mix design is chosen. 

Strength Tests 

Compressive strength and Young's modulus tests were made on cylinders 
4 inches in diameter and 8 inches long in accordance with ASTM C 39-72 
and ASTM C 469-69 (1975), respectively.  Splitting tensile strengths 
were determined on cylinders 4 inches in diameter and 8 inches long in 
accordance with ASTM C 496-71.  Flexural strengths (rupture modulus) 
were determined on beams 3 inches square and 11 inches long in accordance 
with ASTM C 78-64 (1972).  Tests to determine bond strength were con- 
ducted according to ASTM C 234-71. 

TEST RESULTS 

Compressive Strength 

Figure 1 shows the relationship between polymer loading and compres- 
sive strength for epoxy-modified concrete; Figure 2 shows the same 
relationship for latex-modified concrete.  In PPCC mixes, the more 
epoxy, the higher the compressive strength; for PRCC mixes, however, the 
optimum loading is 75%.  In the latex mixes, the optimum loading varied 
between 30% and 40%.  The decision to use epoxy loadings of 50%, 75%, 
and 100% and latex loadings of 20%, 30%, and 40% in the second portion 
of the study was based on the results presented in Figures 1 and 2. 

J 
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Compressive strength ratios are shown in Table 1 for test ages of 
1, 3, 7, 28, 91, 175, and 365 days.  Strength ratio is obtained by 
dividing the compressive strength of the polymer-modified concrete by 
the compressive strength of the control concrete. Strength ratios are 
shown in column 1 in descending order. The relative position of a given 
polymer-modified mix changed with time. For example, 5.9 PPCC latex 
with 30% loading and air-cured showed the highest strength ratio after 1 
day (4.6) but dropped to third highest after 3 days, next to lowest at 7 
days, third highest after 28 days, lowest at 91 days, next to lowest at 
175 days, and third from lowest after 365 days.  These and other similar 
variations can be accounted for partly by the difference in the time- 
dependent strength gain between the polymer-modified concrete and the 
control concrete and partly by the fact that the higher polymer loadings 
produce higher compressive strengths of the polymer-modified concretes 
at later ages. 

Column 6 of Table 1 lists the actual compressive strengths of each 
mix. When a prospective user of polymer-modified concretes is determin- 
ing which mixture to use, he may be influenced more by his need for a 
certain minimum compressive strength at a certain age than he is by the 
strength ratio. At test ages of 7, 28, 91, arid 175 days the epoxy- 
modified concretes have the highest strength ratios; however, the latex- 
modified concretes are very close in the later ages.  Table 1 shows only 
the higher strength ratios for each test age. 

Table 2 lists the compressive strengths of the polymer-modified 
concretes in descending order for each test age (column 2). As observed 
before, the epoxy-modifled concretes dominate in early ages, but the 
latex-modified concretes have only slightly lower strengths in later 
ages. Appropriate strength ratios are shown in column 7. 

Since compressive strength ratios for the 6.9 and 8.0 mixes were 
not significantly high and since these mixes are basically more expensive 
than the 5.9 mix, long-term tests to determine splitting tensile and 
flexural strengths and Young's moduli were limited to the 5.9 mix. 

Splitting Tensile Strength 

Splitting tensile strength ratios are presented in Table 3, which 
includes the same type of data shown in Table 1. As observed with 
compressive strength ratios, the epoxy-modified concretes show highest 
values throughout, but at later test ages the latex-modified concretes 
narrow the gap.  It can also be noted here that the splitting tensile 
strength ratios start high at 1 day, decrease slightly at 7 and 28 days, 
and then increase at later ages to about the same value as for 1 ('.ay. 

Table 4 shows splitting tensile strengths in descending order for 
each test age. The epoxy-modified concretes provide the highest values 
throughout the test series. Highest splitting tensile etrengths of 
latex-modified concretes average about 71% of those of the epoxy- 
modified concretes over the whole test series. 
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Flexural Strength (Rupture Modulus) 

Table 5 lists flexural strength ratios In decreasing magnitude at 
each test age. As observed In the other tables, epoxy-modifled concretes 
show higher strength ratios at the earlier test ages, but the latex- 
modified concretes overtake them at later test ages. 

Flexural strengths listed by order of magnitude for each test age 
are presented in Table 6.  Epoxy-modifled concretes showed highest 
flexural strengths throughout the test series, but flexural strengths of 
latex-modified concretes were 91%, 95%, and 98% of the epoxy-modifled 
concretes at 91, 175, and 365 days, respectively. 

Young's Modulus 

Young's modulus strength ratios are shown in decreasing order of 
magnitude for each test age in Table 7. Latex-modified concretes showed 
strength ratios equal to or higher than those of epoxy-modifled concretes 
at all test ages.  Strength ratios for Young's modulus are significantly 
lower than for the other strength properties. 

Ranking of Young's moduli by magnitude is presented in Table 8. 
Except for 1- and 365-day tests, latex-modified concretes showed the 
highest Young's moduli. Young's modulus is one property which does not 
seem to be enhanced significantly by polymer loading. The principal 
reason for this may be that the polymer, whether epoxy or latex, is a 
plastic and tMrefore tends to "creep" or ''flow" when stressed; in a 
modulus test (in Co.. ession), the creep increases the recorded strain 
for a given load, thereby reducing the computed modulus (stress divided 
by strain).  This is to say that although compressive strength is increased 
significantly (Tables 1 and 2), stresses in a specimen being tested for 
Young's modulus will eventually be transferred at least partially to the 
plastic which deforms at a faster rate than does the basic concrete 
structure. At the most it can be said that there is a modest increase 
in Young's modulus in polymer-modified concretes. 

Bond Strength 

Tests were made both on polymer-modified and control concretes to 
determine the bond developed with reinforcing steel (ASTM C 234-71). 
Bond strength of epoxy-modified concrete (polymer loading of 100% of 
cement weight) was 1,470 psi, while bond strength of control concrete 
was 1,360 psi; in both cases, averages were of three specimens.  These 
results indicate very little increase in bond strength in the polymer- 
modified concrete but do show that bond strength is adequate.  It should 
be emphasized that this ASTM test is intended to compare concretes on 
the basis of the bond developed with reinforcing and is not to be used 
for establishing bond values for structural design. 

i 
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Water Absorption 

Tests.were made to determine the water absorption of polymer- 
modified concretes compared to control concrete.  Cylinders (in tripli- 
cate) at least 28 days old were oven-dried, allowed to cool, and then 
submerged in water.  Increases in weight were recorded at periodic 
intervals until constant weight had been achieved. Results are shown in 
Table 9.  Epoxy-modified concretes show the lowest water absorption, 
particularly at 100% polymer loading.  In terms of reduction in absorp- 
tion from that of the control, epoxy-modified concretes provided as much 
as 69% reduction (100% epoxy loading, PRCC, S+A). The highest reduc- 
tion for air-cured latex-modified concretes was 58% (40% loading, PPCC), 
although 40% loading, PRCC was a close second at 54%.  The highest 
reduction for steam-cured latex-modified concretes was 62% (40% loading, 

PRCC). 

Gap Grading of Sand 

Control tests were made with several gap gradings; the one which 
provided the highest compressive strengths was one in which the 
following size gradations were included:  -3/8 +4, -8+16, -50 + 100, 
"100 + pan. A few tests were made using this sand grading with 
epoxy-modified concretes at 50%, 75%, and 100% loading.  Compressive 
strengths of the gap graded epoxy-modified concretes were not as high as 
with normal grading. 

INCREMENTAL COSTS OF POLYMER-MODIFIED CONCRETE 

Since the delivered cost of a cubic yard of concrete varies from 
locality to locality, it is more meaningful to examine how much more 
polymer-modified concrete costs than plain portland cement concrete made 
with Type I or Type II cement.  A compilation of these incremental costs 
(as of 1976) is shown in Table 10, together with a listing of total 
incremental costs for selected mixes.  Since best strength results were 
obtained with polymer loadings of 75% epoxy and 40% latex, the cost 
computation shown in Table 10 uses these loadings.  Although difficult 
to quantify in terms of cost, it should be emphasized that compaction of 
PPCC and PRCC mixes with epoxies requires more effort and that equipment 
used in these mixes must be properly cleaned with solvents. 

It becomes rather obvious when examining the costs shown in Table 
10 that these concretes will be used only when special conditions require 
the strength advantages furnished by the mixes. More attention is given 
to alternative choices in a subsequent section of this report. 

10 
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DISCUSSION OF TEST RESULTS 

The choice as to which of the polymer-modified concretes is optimum 
will, of necessity, depend upon the strength needs as well as the economic 
flexibility of the prospective user. Each type of polymer mix has 
inherent advantages and disadvantages which should be carefully considered 
before a choice is made.  For example, if early high compressive strength 
is required and the structure must be quickly usable, magnitudes of 
other strength properties are less important - although it is also 
necessary that long-term strengths be adequate.  On the other hand, a 
high flexural strength or high tensile strength may be required in 28 
days and other considerations may be secondary. 

Figures 3, 4, and 5 show relatively high strength ratio and values 
of compressive strength, splitting tensile strength, and flexural strength, 
respectively. For easy comparison, polymer-modified concrete mixes are 
shown by the same plotting symbols on all three of the figures.  In all 
three cases, the upper portion (a) of the figure presents the strength 
ratio versus test age and the lower portion (b) shows actual strengths 
versus test age. Although Young's moduli were not increased signifi- 
cantly by using polymers, Figure 6 shows time effects on Young's moduli 
for one epoxy- and one latex-modified concrete, each of which provided 
significant increases in the other strength properties.  Although Young's 
modulus strength ratios (Figure 6a) are not significant, actual values 
(Figure 6b) approach reasonable levels at later ages. 

Examination of the lower portions of Figures 3 through 5 reveals 
that epoxy-modified concretes are generally superior to latex-modified 
concretes only when early high strengths are required; with the exception 
of splitting tensile strength, latex-modified concretes showed strength 
properties approximately equal to those of the epoxy-modified concretes 
at 365 days.  Strength ratio plots in the upper portions of Figures 3 
through 5 show about the same relationships.  Considering the relative 
ease of mixing and placing as well as lower cost, the air-cured latex- 
modified concrete is the obvious choice for concrete not requiring early 
high strength properties.  In reality, however, the 7- and 28-day 
strength properties of the latex-modified PPCC concrete are moderately 
high; it is comparison of these values with those of the epoxy-modified 
concretes which causes them to appear low. 

Ratios of splitting tensile and flexural strengths to compressive 
strengths have been developed {13, 14].  An interesting and important 
phenomenon of polymer-strengthened concrete is shown in Table 11. 
Comparisons of columns 5 and 7 and of columns 6 and 8 reveal that ratios 
of both splitting tensile and flexural strengths to compressive strengths 
are consistently higher in polymer-modified concrete than in plain 
concrete. At later ages these ratios for polymer-modified concretes are 
about 50% higher than those for the plain concrete.  The significance of 
this observation is that for a given compressive strength, both the 
tensile and flexural strengths are at least 50% higher than would normal- 
ly be expected.  Since it is commonly accepted that tensile and flexural 

11 
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strengths as well as shear strength are a function of or are based on 
compressive strength, this is an important asset for polymer- 
strengthened concrete. 

Economic considerations always have a significant influence upon 
ultimate decisions.  Since latex-modified concretes cost about one-third 
less than the epoxy-modifled concretes, their strength properties and 
other inherent advantages merit serious consideration.  Some of these 
other advantages include the ease of mixing and placing.  No noxious 
odors are generated, no solvents are required, and the equipment cleanup 
is easily accomplished. On the other hand, epoxy-modifled concretes, 
when mixed, are extremely sticky and are difficult to compact in-place. 
As the material is compacted, it releases water which must be drained 
away. All equipment must be cleaned as soon as possible with an organic 
solvent such as methyl ethyl ketone. A significant advantage of the 
latex-modified concrete over the epoxy-modifled concrete is that it 
requires no special curing, whereas epoxy-modified concrete requires 
steam-curing to obtain adequate strengths. 

Another important aspect when considering the use of polymer- 
modified concretes is that the higher strength properties obtainable ma7 
reduce the required size of the structure to be built.  The cost determina- 
tion, then, would be based on the smaller, thinner structure. For 
example, in a given circumstance, having a compressive strength or 
flexural strength three times higher might enable the proposed structure 
(or portion of a structure) to be one-third as thick as originally 
planned. 

FINDINGS 

1. Compressive strength ratios of epoxy-modified concretes and latex- 
modified concretes were as high as 3.7 and 3.2, respectively, after 365 
days.  Strength ratios of epoxy-modified concretes reached 4.6 and 3.5 
after 1 day and 7 days, respectively. 

2. Compressive strengths of epoxy-modified and latex-modified concretes 
reached 10,150 psi and 10,110 psi, respectively, after 365 days.  Compres- 
sive strengths of epoxy-modified concretes were as high as 7,770 psi and 
8,860 psi in 1 day and 7 days, respectively. 

3. Splitting tensile strength ratios of epoxy-modified and latex- 
modified concretes reached 3.4 and 2.9, respectively, after 365 days. 
Strength ratios of epoxy-modified concretes were 3.3 and 3.0 after 1 day 
and 7 days, respectively. 

4. Splitting tensile strengths of epoxy-modified and latex-modified 
concretes reached 1,340 psi and 970 psi, respectively, after 365 days. 
Splitting tensile strengths of epoxy-modified concretes reached 900 psi 
and 1,180 psi in 1 day and 7 days, respectively. 

; 

12 

j 
• 
I 
1 



PjPDQ^^HM I 

5. Flexural strength ratios of both epoxy-modified and latex-modified 
concretes reached 2.8 after 365 days.  Flexural strength ratios of 
epoxy-modifled concretes reached 3.8 and 3.5 after 1 day and 7 days, 
respectively. 

6. Flexural strengths of epoxy-modifled and latex-modified concretes 
reached 1,610 psi and 1,570 psi, respectively, in 365 days. Flexural 
strengths of1 epoxy-modif led concretes reached 1,300 psi and 1,380 psi in 
1 day and 7 days, respectively. 

7. StrengthI ratios for Young's modulus of both epoxy-modifled and 
latex-modified concrete reached 1.8 after 365 days. Young's modulus 
strength ratios for latex-modified concretes reached 1.4 and 1.7 in 1 
day and 7 days, respectively. 

8. Young's moduli for epoxy-modifled and latex-modified concretes 
reached 3.90 aijtd 3.62 x 10^ psi, respectively, after 365 days.  Young's 
moduli at early ages were low; the highest value for latex-modified 
concrete was on|y 3.08 x 10° psi at 7 days. 

9. Epoxy-modifled concretes must be steam-cured to obtain satisfactory 
strengths.  Latex-modified concretes obtain adequate strengths with air- 
curing. 

10. Epoxy-modified concretes absorbed as much as 69% less water than 
control concrete; latex-modified concretes absorbed as much as 62% and 
58% less than control concrete with steam-curing and air-curing, respec- 
tively. 

11. Bond strength of epoxy-modified concrete was slightly higher than 
the bond strength of* control concrete. 

12. Consistency of etooxy-modified concretes is extremely thick and 
sticky and the material is difficult to place (compact).  Consistency of 
latex-modified concrete is good and it is easily compacted. 

13. When making epoxy-modified concrete with portland cement (PPCC), 
the basic portland cement concrete mixture must be allowed to stand for 
1 hour prior to adding fihe epoxy; with an accelerator, this time can be 
reduced to 15 minutes,  when epoxy-modified concrete is made with Regula- 
ted Set cement, no waiting period is necessary. 

14. Epoxy-modified concrete with gap graded sand had lower compressive 
strengths than similar concrete with normal sand grading. 

15. Generally speaking, consistently highest strengths were obtained 
over all test ages (1) with 75% epoxy loading in PPCC or PRCC and (2) 
with 40% latex loading in PPCC. 

16. Epoxy-modified concretes generally provided early high strengths 
which did not increase significantly up to 365 days. On the other hand, 
latex-modified concretes generally had relatively lower early strengths 
but showed significant increases in strength with increasing test age. 
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17. PPCC with 75% epoxy loading of Epi-rez 5077 costs $465.37/cu yd more 
than conventional concrete; the same loading and mix with Epon 815 epoxy 
costs $432.09/cu yd more than conventional concrete. PRCC with 75% 
epoxy loading of Epi-rez 5077 costs $466.48/cu yd more than conventional 
concrete; the same loading and mix with Epon 815 epoxy costs $433.20/cu 
yd more than conventional concrete. 

18. PPCC with 40% latex loading costs $276.88/cu yd more than conven- 
tional concrete; the same latex loading with PRCC costs $277.99/cu yd 
more than conventional concrete. 

19. Highest compressive strengths and highest flexural strengths were 
obtained with epoxy-modified concrete made with PRCC; highest splitting 
tensile strengths were obtained with epoxy-modified concrete made with 
Portland cement. 

20. At later ages ratios of splitting tensile and flexural strengths to 
compressive strengths are about 50% higher than they are in plain concrete. 

CONCLUSIONS 

1. For situations demanding high strengths at an early age (1 to 7 
days), polymer-modified concretes made with epoxy resin should be used. 

2. For designs requiring relatively high strengths at 28 days and 
beyond and in which early high strengths are not so Important, latex- 
modified concretes should be chosen because they are cheaper and easier 
to use. 

3. Generally speaking, compared to similar conventional concrete, 
properly prepared and cured polymer-modified concretes in which the 
polymeric materials are added at the mixer can be relied upon to provide 
increased compressive, splitting tensile, and flexural strengths, 
adequate bond strength and Young's modulus, and reduced water absorption. 
Appendix C contains the typical mix designs and mixing and curing proce- 
dures for polymer-modified concretes. 

POTENTIAL APPLICATIONS 

The following are considered potential/applications for polymer- 
modified concrete. 

1. Cladding for reinforced concrete piers. 

2. Cladding for reinforced or prestressed concrete piling. 

3. Caissons (breakwater units) and pontoons. 

4. Repair of spalled or damaged reinforced concrete structures. 

14 
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5. Concrete pavement and floor overlays. 

6. Overlays of concrete bridge decks. 

7. Prestressed concrete railroad ties and utility poles. 

8. Canal and ditch linings. 

9. Masonry curtainwalls. 

10. Shear walls. 
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Figure 1.  Compressive strength of epoxy-modifled concrete as 
a function of polymer loading. 
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Figure 3. Compressive strengths of polymer-modified concretes as a 
function of test age. 
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Figure 4.  Splitting tensile strengths of polymer-modified concretes 
as a function of test age. 
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Figure 5.  Flexural strengths of polymer-modified concretes as a 
function of test age. 
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Figure 6.  Young's moduli of polymer-modified concretes as a 
function of test age. 

22 

 -'Üi*. A ÜÜ •^„-w„B1.^AtMi nttfeA 



www.iwfwmyuie* 

(0 
o> 

4-1 
01 
u 
u 
c 
o 
o 
•a 
o> 

o f 
u 
0) 

o 

CD 
o 

60 
C 
V 
u 

01 

01 
CO 
a) 

i o 
tj 

.0 
(0 
H 

<4-i   CO r«. 
o c 

0) 

0)  -H 

g 
§ OOMSMSCMUICMMSONCOCOCOCMOOOOCO 

J3    U iH ^ 
It O 

CJ 
2 oo 

^N 

•H 
o) io 

•rl W 
V0 ooooooooooooooo 

(0 r* COCMON\OmOCNeNOCO\OsOsr*-r«- 
CO  J= s \0(N'-'-oeocO'-Sfn*ooM-<Mr^ 
01   4J 3 
(J   00 M cMvoineMcMcMsj-MSvo^d-mcomcMr»- 
o. a o 
B   01 o 
o u 
tj  4J 

CO 

UO 
00 T3 
C   0 § ^ <s <         ^-95"?3<:<:<:<!<!^-< 
h  4J 3 

COCO                        COCOCOCOCOCOCO         CO 3   0) i-H 
U 33 O 

>N 
(0 

CJ 
50, o w 

41 «3- O                                                          " 
T— 4-1 ÜÜUUÜOOÜÜÜUÜOÜU 

01 C ÜUÜÜÜÜOUÜÜÜÜUÜÜ 
a> U   X e PnPiCiSfJipäKftSfcpipS^KiCMdifr 
00 CJ -H 3 P^PLICXC^P^PHP^Q-IP-IP-IP-IPHOHP-PJ 
< e X i-H 

o O ON ON ON ON ON ON ON ON ON ON 0\ ON ON ON ON 
u u u 
to »nu-('Oir>ir>iniri>r>\o>riiriiOiOiovo 
01 
H 

•"N • 00 4J 
cd C JB 

•H   60 

CO   0) CO 
O S 

•J c* oomooooomooomooo 
4J 5 coor^-tfcM-sj-vj-Or^tflOcor-co*- 

>-• a 3 lH                                                             N—                           N-                                       N- 
01   01 •-I 

£§ o 
CJ 

-H   CJ 
O 

(L,  X * 
*«• 

h CM 
a* 

ol
ym

 
T

yp
e 

§ ,J H H rJ H) p HI U M »4 id »J H iJ H 

P4 O 
u 

£ • 

4->   O 
00 -H e « 
25 

NomoooONOu-iio-»srN—«—ONOOOOOO I 
rH -»^cnfOcnfnriciMfonNNCNitNi 

4J 0 
CO cj 

co en co co co 

o o o o o 
* N O <J N 
«-  NO CM  U"|  IT» ».     "     *«     *.     #• 
<t   CO  CO  CM  CM 

<•>£<<< 

o o 
u y ex as 
fit P-t 

u cj 
CJ CJ 
eö as 

ON ON ON ON ON 
•     •     •     •     • 

in in ift m m 

o o o o o 
<r «* CO CM CO 

] 
3 

•5 
4J 
c 
o 
CJ 

J^hlHlh) 

O vO CO 00 00 
•      •      •      •      • 

CO CM CM N—  *- 

23 

iUt- 
- — 



-*»^aw'i -»vur WIU.iHIUX'IW^WHHMi.-IMimp^.M -(.» V>- JBUPtiptmilll^iHH ,IJ    ,„„ , 

4) 
3 
C 

C 
O 
u 

«0 
H 

m a r» 
0  c 

0) 

a) -H 

3 
g vOvO«r»fOvoa»<*>c*>c>(c>icy>»-vo 

-o  u H ^      ^- 
S  v O 
5 & CJ 
z en 

*»-\ 
0) -H 
>   (0 
•H    (X NO 
(0 >-» ooooooooooooo 
• c* ^NMini-OCO^NOOOO* 
01 £ B (<)NOMO«NinOMnNi-t-fl\ 
u  *-> 3 •k*«k«»**»**«**AM* 

p. oo H r^Niovom^NvOinKiinm«* 
S   6 O 
o oi u 
u u 

u 
CO 

in 
60 TJ 
3   O 
•H .C § •*•«•<   ^ ^ *# 4 1$ *fi ••# -'41 
M   w 3 + + + •< + + + + + + + "<•« 

cococA      en ch en co en en en 3   0J >-l u s O 
09 o >-> 
A 
Q w               w 

01 <* 1                   1 
r«. u uuuuuuuuuuuuu 

0) g CJCJCJCJCJCJCJCJCJCJCJCJCJ 
HI M   X £ p£pÄoä'p-.cä'P-1f*;p-.Pi«pia<P-l 
60 o r! 3 CV|CLIC1IPLIC14(1IPU|CVIPL|PL<PM|XIPH 
< C JC iH 

o O ONONONONONONONONONONONONON 
u O O 
(0 iniomioiom>oinini/Mninm 
01 

(H 

*•** • 60 *-> 
u 3 JS 

•H   60 
•3 -H 
<d oi CO 
O 3 

»J Ö OmOOOOmOOOOOO 
4) £ os<>jinoNOinnNn<j 

H   3 3 •>•                                                  V-               t*> 
01   01 rH 

P, 0> 
O 

CJ 
rH   CJ 
O 

Pn  fr< 
s^ 

h CM 
o> 

ol
ym

 
T

yp
e C 

iH 
UU»4)JUNUU»JiJi-)^»J 

fit O 
<J 

JC ^_ 
•W   O 
60 "H 3 

§3 I mi/iONONOor^r^NCNom-a-cicM 

fnMNNNNNNNNNNN 
4J O 
O) U 

CO 
>N 
eg 
o 

00 
CM 

$ 

CO i 

NCvDONCOCOCOCMONCl 

ooooooooo 
otooNMomcoaio 
COr~CMvO©lr-»-©CI 

•«6 «* •«5 -<S -* 
f ± * ± •'* < * * ± 
CO oo co en en 

M 
• 

uuuuuuuuu 
CJCJCJCJCJCJCJCJCJ 
pi oi PL, oi cu p-, - 

Pu     PM     P-4     P-l     PM 
Pä  Pä   Pä 
PH   P-i   CM 

ON ON ON ON ON ON ON ON ON 

l/~lU"NU"lU"NU"|Lni/1U-NVO 

mooooooom 
NOPN-»<»<»(»N.NN 

NM>JiJ^h)rJ»JH 

«tfCNir^r-.vONOmmm 
•    •••••••• 

OCNCMCNjCNOICNICMCM 

41 

1-1 
u 
e 
o 
CJ 

••-^••-•«1—   -...„.•. 



r     "     '"   '     ' "*       *"' " ••lwii'»!tfW.'l*w»K    "    "•»'.•.ll!' »'^y^»"'|J-MJJ»lH'«t^'iT>»i.»TW|fa»J.iiJil^Mp|^wil||llijli|ii]i| *-.» miwj^» "fa" 

tu 
3 
C 

C 
o 
u 

«o 
H 

«4-1    CO r* 
o c 

V g 
u   B S 
0)  i-t 3 lOvOCIdncivON 
XI   U r-l 
e o) 0 
9  a. u 

35  CO 

^•N 

•H 
o)  co 
> a vO 

•H ^ 
CO j3 oooooooo 
ca x: - «3-eo\Ou"ii/*>o\o\in 
0)   -u 3 1TINMHOONOO-* 
U   60 iH ft**«*«*** 
a s O ooeor^oor^vONOf'» 
S o> o 
o u 
O    4J 

CO 

1/1 
00 T) 
c g 

•H X! g <!-*<!       <J < < 
M   4J 3 + + + < + + + <: 

0) 3   01 iH co co co      co co co 
>N O  33 O 
CO V 
O 
iH 
ON 01 -* CJOUCJOUOO 

u CJOCJOOOOO 
41 0) c aJoipijaiöipÄaiÄ 
00 H   X e a<o-iO-iO-iO-.p-ifijCLj 
< U  -H 3 

c s !-» ON ON ON ON ON ON ON ON 
4J o o 
0) u U miflininmifluN.ifl 
01 
H 

**-s • 00 4J 
01 c x: 

•H   00 
T3   -H 
(0   0) CO 
o » •-) 0 mooooooo 

4-1 8 r>0-»sffONlrtfO 
u c 3 rH 
01   01 i-l 

p,  01 
O o 

r-l   U 
o 

&< »< 
w 

CN 
h 

S   01 B 
>. a 9 
-t    >N r-t UUJhliJiJHh] 
O  H o 

cu CJ 

x; fH 
4-)    O 
00 -H c CMrHONOOiONOvOm 
C   4J s 
2,2 iH 

fOfONNCMNNM 

w o 
CO CJ 

CO 

(0 
Q 

U1 

Ot 
00 < 

co 
01 
H 

cifOcnnciMf'ifOf'i 

ooooooooo 
CNvOONinf-OiHOCI 
PlNstChMNvOi^r« 

C^COCOOOI^NlNrsfs 

? + + < + + + <<: 
co co co      co co co 

UUUUUÜÜUU 
CJCJCJCJUOOCJCJ 

PLIPLIPLIP-ICLICLIPLIP-ICLI 

ON ON ON ON ON ON ON ON ON 

moooooooo r^O-»vrtnficNC>-tf 

UUtJJU)JlJlJ>J 

^MHonoooomm •   •••••••• 

0) 
3 
c 

•H 
-u 
a 
o 
o 

• 

'-'•»I 

4 
l 

25 

'lMI»,*'*M>^1,^M*to^lit""-'' «•.•i-W-«.».•, — >»W„   ...W,,^, •,.,..-, •,,..,••,••,.-., ..,.        ...... .^   



F ———p—p———«p»   i       i n .in.  i iwwiin.ii'iJ'i'»i, iwiifJUMwrn »pwipiin' -i.. j.i ,»«".'^»)W»'. • •«..,.- 

V 
3 
C 

C 
o 
o 

co 
H 

en 
5>s 
<0 
Q 

m 
01 

a> 
00 < 

01 
0) 
H 

00 

<M    (0 r^ 
O    C 

CD c 
M   B 8 
0)   -H 3 H Cl  W  CO N  fl CO 

•fi ° i-t 
8  at o 
3 a CJ 
z en 

^ 
•H 

0)   0) 
> a vO 

•H ^ o o o © o o o 
co c iflO»Hifl*NS 
ca x: g H i-l H N >J i-t lO 
oj 4J 3 •»        W         A        *        *        •»        •> 

U   00 i-t O Oi O CO ON 00 00 a c o •H         iH 
S  <u u o u 

CJ   4J 
CA 

u"> 
00 T) 
c o c 

•H  03 <J <s       <       < 
M    4-1 3 +   +  <  +   <  +   < 
3   4) H CA   CA          CO          tO 

CJ  S o 
u 

0 «a- cj cj cj cj cj cj cj 
4-> CJ  U  CJ  CJ  Ü  CJ  CJ 
«J a a: os a, as en os Pi 
U    X e CM  PL)  OH  Du  PH  PH  PH 
CJ   1-1 3 
e z i-i ON ON ON ON ON ON ON 
o o 
cj u m in I/N in I/N m i/i 

**—\ 
00 -u 
C 03 

•H   00 
-O i-t c-> 

CO   <D 
O 3 C 
•J S m o o o o o o 

4J 3 N^<*onn<r 
H    C t-t i-i 
<U   <D o 
J*>  <U 

CJ 

r-l   CJ 
O 

PH   *S 
>•• 

CM 
u 
0J   01 g 
16 § UHIHIUFJHIH 
H H .-I 
O o 

a« CJ 

£ i-t 
4J    O 
00-H g MncMNOOOO 
I   4J B •     •••••• 
0)   CO 
u OS I-I 

CN. Cl  CO CO  Cl  Cl (N( 

cS 

U 
•    OJ 

cu  P. 
4-1 vO    • 
c o   CU 

CD    U  r-l cu 4-1 00 TJ 
>  a. o B c U   (0 CO 

•H B a at cu o CO 
co o u § IH    4-1 3 
(0  u  cu CO 
01         03 •o CJ TJ   0J en 
H   OJ   4J e 01   4J CO 
o.o3 CO 4-1 H » 
S « u iH OJ 3   r-t 
O         3 4-1 CA O   -H u 
CJ   >, O u •      4J o 

OS £ o •o IS 4-1 
01           4-1 (X OJ CO 

03   01  -H 4J a> u 
4-1   u    3 •o CO 4-1     0) 0J 

01 0) iH COS rH 
oo u  OJ •H 3 OJ 
e u 4-i •4-1 00 II     4J CJ 

•H e o> 
•O   5   w 

• •H OJ CJ 
•> tj OS •<   00 CO 

•H   CJ   CJ X o + c >      c o B *0 W  1-1 01 
•H T>   O a I OJ e •o 
•O   0>   CJ OJ M •H • •> "H •H 

•H 01 HH •si M 
>1*4-l   r-l N s •H o 

X> -H   «0 T3 H   CU iH 
•O   O w 1-4. O 3    H 03 

•O   O  -H o E u u 
a» e 4-i • •* a i 1    u a 
4J   1     c X H u o o 
3    H    OJ 01 i OJ •H   IH e 
(X   OJ   T3 4-1 

iH 

CO 

SR* CO 
1-t CJ 

•o 
II     OJ 

ca 
OH   B PH o C 4-1 

o   <0 N PH a <   3 5 co a O 
•H           «4-1 •J n 1 4-1 

OJ     O • • •• u 
O X. M CO CJ 0)   -H 01 
•H 4J  03 0) 0) CJ •O   CO s *J           4J 0J X OS o 
CO «M     00 6 •H PH JC   c 0) • 
woe B «J   01 s X 

cu 4-1 HI • OJ £ •H 
03 03    M 01 0J OJ B    4-1 iH s 
4J   4-1     4J Vi 4-1 4-1 4-1 o 
00 00   CO 01 OJ 01 CU 00   • 03 OJ 
c c 
CU   CU   CU 1 o 

u 
o 

u 
CJ 

C  ca 
•H   w 1 X. 

4-1 
H   H     > 1-) c § c U   3 co 
4J    4J    -H o o o c3 5 a 
en co   co PH CJ CJ CJ w •H 

tJ Q) 

26 

lllllllMll    ITIIBH^—       •- „_.,. —  _ - ""    ' —-»^>-»«fM 



w* 

.. 

r^ Jb 
u c M 
60  O s ooor~s-j-m%3-r-ioooOirii-icnrocM 
C •* 53 
V   4-» l-t NNNcn^ncOCONI»imCMNN 

|s o 
«  .__       .„„, — .»„.,.„ 

60 
C 
•rt vO 

a 1 
60*0 c o 
•H J3 ^!-<<<C<'<<!'<<!'<'<'<-«C-< g 
h 4J 9 + + + + + + + + + + + + + + 
9   0) iH lAWCOUtOtOCAIAUCOcacOCAU >* U 33 O 

Jo 
m 
0J 

U 

<s «3 H                     W • 01 IT» •Q        1                 1 
U u ÜÜUUÜÜUOÜÜÜOÜÜ a 0) i OUCJOUOUUOCJOCJOU 

CM o- pu, oipIscx,a.cäP-o3rtP-»HpJ G Vi   X 

8 
O 

3 
,—l 

P<  0< A)   P^PUPLiOuPuCLtPMPMpuPiP-t 

O 0N  O  ON   ON  ON   ON   ON  ON  ON ON  ON  ON ON  ON 
•o u u «••        •••••««•••• 
S NOOONO vOinininiominKMoiflin 
•H 
<M 
•H 
•o r•\ 
O •> 60 4J f CO 

O 
C J2 

•H    60 
U •O  -H 
0» rH CO   01 -» 
I 0) 3s g 

rH 00 4J s coommooommoooom 
0 < t- e 3 rHmrxr-*00©i"s»r>.*mcN.-!fr-» 

a< <u  V <-* f(                            HrlH 

<4H 
4J £§ o 

O CD -H <J 
o • Pu *•« 

4= s^ 
•U 
00 c 

ccj 
IV CM 
M ki 
«1 0) c 
M If. § 
0) rH    !>N rH > O   H o 
•H Pk u 
M 
0) 
01 
M /—\ 
D. •H 
6 0)    CO 
o >   P. CM 
o •H «•«» oooooooooooooo 

CO g psMNONNlOOl-TNCICXCACO 
CO x e MnnNNHsOHfSMfONNO • 01   -u 3 

CM U    60 
P. e 

rH 
O 

r-r^r-.vovOv0ini/->u*iN*«sr«»»»«* 

« 0   cu o 
i-( O   M •a u u 

CO en 
H 

1-1 
60 a 6 
•H 1 HNrOstlOvOr^OOOlOrlNlO-» 
•M rH   rH   rH   rH   rH 
0 rH i o 

Ü 

o 
1 

en CO oo 
o CM CM rH rH 

-     .  _ . — 

<: < <: < < 

o o o U u 
CJ o CJ c> o 
PM Pa PH os OS a, Pu PI a. PU 

ON ON ON ON ON • •> • • • 
IT) U1 in U-I U-N 

10 
rN 
CO 
Q 

O 

cu 
60 O O O O o 
< -* «* ci CM ft 

i-> 
CO 
a> 
H 

rO 

rJ •J •J rJ rJ 

O O o O o 
\0 CM o <f CM 
•-I vO CM u-i ui • •V r r tt 
-» p"> r-i CM CM 

rH CM 01 -* in 

•a i c 
•u 
c 
o u 

27 

HT« 



!mj!1w«w»jvi»j" ^^pnmmmm 

1 
I 
CM 

« 
ft 

t 

S
t
r
e
n
g
t
h
 

R
a
t
i
o
 

o u 

i-H \0 vO O I-» u*> ir»r^voON©CMCN|ON00voONONir>co«*cM 

CM r-t r-l CM CM CO «NCNtNNNNNNNHHNNNN 

Ö0T3 
c o 

•H XL 

a a) 
I 
o u 

<  <  <  < +   +  +  + 
to co co co co en 

+ + + <:? + ? + + + + + + <?< 
www      tAvicatfltocauwv)      co 

• 
0) 

U  -H 

Q O o 

9 
P
P
C
C
-
E
 

0
 
P
P
C
C
 

0
 
P
P
C
C
 

9 
P
P
C
C
 

9 
P
R
C
C
 

9 
P
R
C
C
 

H W 
1     1 

©CJCOOCJCJCJUCJUCJCJCJCJCJCJ 
CJOUUCJOUOCJUCJCJOCJOU 
oäp^frViP^cäMpupeioäQäoäcuoäP^oäPH 
P^P^P^CUCUP^PUP^Q-IPIPVICLICUOMOHOH 

ON ON ON ON ON ON ON ON ON ON ON ON ON ON ON ON 

NO 00 00 vC \o m u"iu->iriiriNONOU">u"»inuONOu">u"ii/"N.»rii/*» 

a 
>> 
a 
o 
r». 

<u 
60 < 
09 
W 
H 

P
o
l
y
m
e
r
 
L
o
a
d
i
n
g
 

(X
  
C
e
m
e
n
t
 
W
e
i
g
h
t
)
 

•» 

r-t 
o u 

ir>u-N©00in©i/1O©OOOu-iOO©©u->©©OO 
r»f>.in»Hr»©r~0©«*fn>3-r---*iriu*><Mi^comc«j>* 

r4          r-t          iH   iH 

• 
a 

P
o
l
y
m
e
r
 

T
y
p
e
 

co 

O 
u 

W M U M W b) UHU>J>JhlH»JHiJ^U>JiJiJJ 

C
o
m
p
r
e
s
s
i
v
e
 

S
t
r
e
n
g
t
h
 
(p
si
) 

CM 

o o 

o o o o 
NO  NC  -»   -H 
00 vO NO NO 

© O 
00 -1 
*Tl CO 

0©©©©©©©00©©©©0© 
CM©rHlT»-*iHONCOrHCM©iH©00©NO 
CMCMONCOCMi-(ONONON«OCOCMPN|rHrHON 

oo oo oo oo r>» i>» NtsiONONOioiAiflinKMfliniAiniflsf 

00 
a 
a 
e 1 

ft 

F-l 

8 

r-t   CM   CO  -» uO NO N»9*OHNC1-jm«Nfl0*OH<N| 

CO 

a) 
O 

00 
CM 

ai oo 
•< 

CO 

H 

o r» • • 
CM i-i 

< < + + 
CO co 

w 
u u 
o u 
a. Pu 
a. P- 
ON o • • 
NO oo 

m m 
i~» r* 

w W 

© O -* r«. 
ON r~ | R 
ON ON 

l-< CM 

28 

J 



i • iimw-^iwMi!      •!»•• iiiiiiviiii 

i I 

0) 
a c 

e o 
cj 

«0 
H 

. 

M r>» 
u 
00 O 
C -H 
V   4J 

4J   « 

| oo •>» m -* NNM M3 rH lOHHNa   »OinmiflMHO 

i-l 
o 

i-l CO <M CM f> CM CM CM CM CMCMCMCMi-li-liHCMCMCMiHCMCM 

CO u 

vO 
00 T3 
e o 
i-l Ä § <:•<•<< •<  < < ^•<<<<«i;<      <<c< 
h *J 3 + + + + +   +   •< <: + •< + + + + + + <<+ + + •<•< 
3   V iH to oo to CO CO CO CO cocococotoco      cotoco 
O X O 

o 

M w Cd 
01 m 1 1 1 
u CJ U CJ CJ uuu CJ U CJCJCJCJUCJCJUUCJCJUCJ • § cj CJ cj cj Ü CJ CJ o u CJCJCJCJCJCJCJCJCJCJCJCJCJ 
^   X p« es ps m PS P-  PU OH PS CVIPSPHPSOSPHOHOHOSOSOHOSPS 
O   iH 3 OH   OH   OH   OH lb A4 OH OH OH OHOHOHOHOHOHOHOHOHOHOHOHOH 
C X iH 
o u O 

cj 
ON ON ON ON ON ON ON ON o> OH 0\ ON ON ON ON ON ON ON ON ON ON ON 

«o io vo m ifl ifl m IO NO uovOu-iuovOvOuououououoiriuo 

00   4J 
e ^ 
•H     00 
•O   -H 
(0   0) 

3s -» 

a oomuooooooooouoooomoooooo 
<£ § iH r». r*. © O O CO -* -* «^UOfo-Hj-CMCOI-^CMCOCMCOsrcO 

M   C r-l               rH r-l  r-l 
«   0) i-H II O 

cj 
r-l   CJ 
O 

04    »4 \^ 

u CO • It 1 r-l >N 
O  H rH w w H w U»h) J I-l JUU.J.JJUHliJiJiJiJiJ 

OH 0 
u 

*^S 

0» -rl 
>   « 
i-i a CM 
00 ^ 
(0 c o o o o o o o o o ooooooooooooo 
<V  J2 § \C  ON  IT»  U"l oomN m ON NONHNOoxoioeoQoeoiN'N 
H    4-1 
a oo 
ß e 

r-l 
o 

rH CO CO rn) r~ uo CM r-H o OOONvOCncMCMCMi-lOONOONO 

ON  00  00  00 
o a» cj 

CJ u 
it 
CO 

I-» 

t 

00 
e 

c rH! 

CO •* U0 vO rs n o> o .-I cMf>.tfi/N,NCtr»0OON©i-tcMco«tf 

J o 
u 

HJ> CN CO ^ •      *      •      • 
CM  CO CM   CO 

M m < < 
+ + + + 
CO CO to CO 

M 
O CJ CJ CJ 
CJ CJ CJ CJ 
OH   PS   OH   OS 
PH   OH   OH   OH 

ON ON ON ON •     •     •     • 
U1   IT»  UO  I/O 

CO 
>N 
« 
Q 

iH O uo O O 
ON © r- O O 

I-)          r-l  i-t 
0) 
00 
-< 
u 
CO 
a> 
H 

0) 

UUU» 

o © o © 
-.T •» CM oo 
f>. uo CO CM 
#.•*»#> 

oo oo oo oo 

r-t CM CO •* 

•'4 

29 

...... -••   ,-   ^^^-H^^^^,,   „„>•>,._ 



•n mm-jv^mnm, 
n 

3 
e 

e 
o 
u 

CM 

0) 
rH 

cd 
H 

£ r» 
u 
60  O g 
C   -»-1 S 00 9i lO O iC C) vO tS i-l 
0)   4J •      •••••••• 

Ü<3 r-i 
o 

NNNNNNNNN 

en o 

vO 
wo 
d o g "<         <C  •<         <  < u u 3 <  +   <+   +   <  +   +  < 
3   0) iH CO         CO CO         CO CO 
o a O 

U 

« U1 
4J UOUCJUOOOO 
« c uuuuuuuuy 
U   X £ euofifxemoiptSoaosa: 
y -H 3 CuD-i0-.P-ip-i&j&j(XP-4 
e x iH 
o O ONO>ONONCT*ONCT*0*CT» 
u U •     •••••••• 

mmminminintnin 

^N 

oo u 
C £ ca 
-H   60 >s 
"O  -H (0 

CD   0) -* o 
O  » 

•J c ocomooooo U"> 
4J •»«tfcor^co-tfCMinci r-. 

V4     C 3 •H 
CD   0) t-i 

£§ o 
u 

a) 
60 

-« o < 
0 
pu *< 4J ^^ ca 

cu 
H 

u e> 
• • 
l| 1 M-t 

?& 3 
JJ.JW.J.JtJW.J 

m O u 

^-N 

CD   -H 
>    (0 

•H a CM 
CO ^ 
CO 1 ooooooooo 
0) XJ mvomoom-tfcyiONd 
H   U 3 H00<«OOO»a0l1 
O. 00 fH J»«»A«IAM«t«M 

s c O 
O   0) CJ 
O   P 

Id 
CO 

iH 
00 c 

•H 1 invOSOOffvOHNd 
ij 3 .-<  .-f  r-t  i-t 
c •H 1 O 

sro-*<NrHoomoo»noofO 
fOCONMMNNNNNN 

< <   <   <   < < < 
co      co co co co      co      co 

uouuouoouuu 
cjoocjoocjqcjoq 

<7\ONONO\ONO\C7IC7NC7\C7\ON 
•  •••••••••a 

moooooooooo 
N400-»in^fonNM 

W_1WW,JW_)PJ,J_1,-1 

ooooooooooo 
NlflOlOWM'IOOHOV 
m<T>crir-»^*rvr»r»r>-vOCN 

Os 00  00 00  00 

HNM«tm»ONCO»OH 

CO 

« 
o 
m 
vO 
CO 

0) 
60 
< 

60 

r^ CM • • 
C1 o 

< + <: 
co 

o CJ 
u CJ 
OS Pu 
»4 Pu 

ON CTi 
• • 

m in 

in o 
r^ >* 

w •J 

o o 
<n i-H 
iH »-I * n 
o o 
p-t r-( 

t-t CM 

•o 
CD 
3 
C 

C 
o o 

30 

535 **• nft 'lim 



r"-""'- " ^mp*ppW88S?F^www« im. .*ii i.» JP-i »um 

I 

V 
3 
C 

C 
o 
cj 

01 
iH 

n) 
H 

J= r^ 
w 
00 o c 
C   -H 8 omciiNoooiMinNN 
4)   4-1 3 
4J   BS o 

CINPIWlMinNNNN 

co CJ 

vO 
00 T3 
e o g •<!<«:<!     < <     < < 
M   4J 3 <+++<++<++ 
3   0) t-t co co co      co co      co co 
U SB o 

W 
0) u"> 1 
u uuuuuuuuuu 
01 c UCJCJCJUCJCJCJCJCJ 
P   X 5 ß^dtpieipepäfueäcäeä 
O 2j 3 exCXexexexexeXfXfXCX 
c X iH 
o O ON ON ON ON ON ON ON ON ON ON 
u CJ 

u"NU"ii/lu"iUlinu"lu">ir>m 

*-•* 
00   4-> 
C Ä 

•H   00 
t>   -H 
(0   01 -* 
o » 

hJ c oooooomooo 
4J s CNO-JO^CINONIO 

H   C 3 <-i         i-4 
0>   0) .H Is O 

CJ 
H  CJ 
O 

<X  fr* 
s—' 

b co 
0) 

l{ g 
H   >v 3 
O H i-l JW^JW-IJWJHJW 

<X O 

/-% 
0)  i-l 
>    CO 

•H    CX CM 
CO >-* 
CO C oooooooooo 
0) JZ s \OfMONior>.t^.r~-i-(voo 
U    4-1 3 <J-»HMOHO«OifliO 
CX 00 iH A«#tM«>#t**A*l 

e c O O\OSCft0000COC0Nh>N 
O   01 CJ 
u u 

4-1 
CO 

rH 
00 
9 O 

•H 0 n^m«Nooo>OHN 
ij 3 Hi-tH 
e i-l i O 

CJ 

c 
01 • * Xi •M • 

01 4-1 o X 
4J 1-1 
01 tl £  c B 
u CO 4-1     <Q 
u M 00 0> 
c 3 e <4-i J= 
o o <u o 4-1 
u £ H 

4-1   J3 c 
4-1 NO CO    4-1 •H 
c I-l 00 
01 • 01   c "O 
B 0> M >   0» a> 
01 4-1 o •H   U CO 
o 01 «M CO    4-1 

CO    CO 

3 

•o o •o 01 CO 

B c 01 M     01 fS 
tl) o H a > Ü 
I-l u 3 B   -H 
4-1 o O   CO M 
H 4-1 1    • CJ    CO o 
o c E  oi a) 4-1 

a 01 CO   60 0)    H CO 
B 0>   CO -c   ex M 

•o 01 4J 4-1    6 01 
01 u CO   4-1 5 • I-l 
•H CO 00   CJ M 0) • "4-1 4-1 II    01 c 01 CJ .  ^ •H 01 4J •H    01 1 o 

X •o CO < "O 42 CO 
o o + I-l •H    4-> rH 
a R •o CO  i-i > o 0) 
01 1 01 4-1 1-1 •> (X •o 

u 4-1 •• c •o XI •H 

H 01 CO T>   3 01 w I iH 01 >.   0) x: o 
Ed 3 I-l   01 JO     4-1 4-1 iH 

1-4 00 3   6 0) A 
«A o 01 CJ   1-1 •O    H 4-1 CJ 
X O. as 1      4J 01   cj 3 e 
01 u •u   C o u 
4-1 II T> •H    00 3   O J= c 
cd 01 CO   C a CJ 4-1 

rH o 1-1 •H B •H CO 
u IM II    c o -o » 

II (X 1-1 •H CJ    0) 4-1 
(X "O < 1 •H 01 CO 

J o CO   <4-l 4-1 X. 
B 01 •H  i-l 01 4-1 • • 1 ••    H "O u • • CO t-4 co o o a CO 

CO 01 01 •O   w H    S G c 
01 X 1 0   o 4-1      1 o CO 
a •H J=   «4-1 CO    H CJ at 
>> R iH 4-1 I-l   01 6 
4-1 o at -o 

•C* 
iH 

0) ex S   01 CO •H 
u 4-1 M 4J i-H CJ o 
01 01 II 00 3 00 o •H JO 1 M C   cj c a 4J B u CJ 1-1  1 0) c s 
i-l c u u u H    V 0* CO 
o o OS 3 -H 4J J2 T> a, CJ ex CJ   CO CO     4-1 1-1 w 

Ö   A tl 

.J 31 

.      -^*      ^ 



WJJ^S^S^^P^^pwr 

IM a 
o e r^ I M e g 

41 
0> -H B «(»»NnnNMN CO CO CO co co NrtnniOH 3 

£ §2. 
S5  CO 3 

e 

e <* 0 » u m 
• •w 
: 00        O. 

* 
a ai sO 
tin   •> oooooooo o o o o o OOOOOO 

3 
Ur(£ 
4J    •   *J 
^   B  et 
H    41   C 
a. H  a> 

(O           M 

f-t 

3 

O9n0i0uiOHM 
oteoooooNN\o\o 

•-t © CT> r*. «» 
«r* vO •* e> c> 

«0OH>O4<6 
-H   r-t   -<   O   O   00 

1 CO 
f* 
•H 

•1 I «n 
* 00 13 c o <<<<<<<< 1 g <<<<<< 

1 U   4J 3 + + + + + + + + <:<<<< +    +    +    +    +    + 
3   « ^4 

o 
WMWWWWWW to to to to to to 

«-i u «0 «9 
o 

s * 
U-. • 
o t-i a» •>» 1. f"l r». 

M 
n <u i c O                      1 4) « 1 
O ?J> Wi   X i uuuoaocju 1 u u u u u 00 V 0 0 u 0 u 
•H •< O  JH ooooouuo u u u u u < u u u u 0 u 
•U C SB l-H) OSOuPuDuOSQSOSOu OB  Ou  Ou 06  PS Ou • ON OU • 04 

1 tt o o QHOHPUOUOUOUOUOU M 0u  Ou OH  0U A4 a Ou Ou Ou Pu A« Pu 
«0 0 o «a tt 
<u <u 0) 

J= H p H 
w 

e • 00  4J • • 
« « C  JB A u 
u <H    60 
«J •O  -H 
«0 

3* 
ro 

V g ooiAmmooo OOOOO m m m p 0 0 
r~ r»- r» O Ö »<"* iH M 8 OÖP*c*f^-«'"»*»«'"> ^ ^ ON n 

•H U   G 0 I-» t-t i-t -4 

| US cS 
H 

O 
Pu K I 

«J 
w 
•H <s 
.-( H 
Ou 1 c 
to It i HHHHUHJU _}  J  J  J  _1 w w w w w w 

• 
m 

iH 

• 
1-1 
uO 3 M 

M 
00 o 
C  -H 
4)   u 

r-t 

«3 
•            ••«*••• ©*0> vO IT> «» 

•     «     •     •     • O 00 00 vO vO IN •          ••••• 
4J   0Ä O 

COfOfO*n«N|CM<SCM <M Hi-(H  H f»1 CM {SI <M <N| «M 

10 U 1 

32 



_ 1 p „ ,„,-.• ^-—- i jp.,mimpiu) .jy<vp.» J-'W •• 

•v 
at 
3 e 
c 
o 

en 

<u 
i-i 

a 
H 

m   CO 
o c r» 

4) 
w  B C 
<U  -H § <*^ c> co c> co <N en en 

•fi    U 

9 8. r-l 
0 

X (A u 

•H 
(0 

«0       a. 
e « <£ 

^-t i-i   • oooooooo 
4J   ft  £ c NiCHOnnHN 
U    *   U § MOlOlOI^^Mfl 

-tue iH 
O.H   CV O 

CA         b CJ 
M 
CO 

in 
00 73 
c o c 

•w .e i < •< < 
b 4J <<<•< + + + <! 
3   «> »H CO  CO  CO o X o o 

V •* 
M • c 
U   X B uuuuuuuu o -w 3 OOOOUOOU 
C X t-t ru(ueiuittip«e6eA 
o 0 HtPuPHCUP-iPufXiP* a o 

00 4J 
C .3 

•H    00 
•O  -H 
(0 a> en 
O  S 
J 3 oooooooo 

4J 8 «jn^n^iriNN 
H    C 3 
<D   (0 i-t 

"   0) 
0 
u 

r-l   O 
o 

Pn »4 

CM 
fcj 
<U c 
ft 8. ,J_I,J,JJW_1,J 

r-(    >» 1-1 
O H o 
A o 

.3 iH 
*J 
00 o e 
C  "H g H^O\O0Q0000C0 
a> w 3 
u (d 
4->   OS O 

<N<H<Hi-lr-liH)-4i-H 

CO u 

CO >. 
cd 
a 

oo 

cu 

4P 
C9 
cu 
H 

cnMNfinfonfiNcnpifM 

oooooooooooo 
OMnincoaNrivOMnoNoo 
•HOiOOooi-toooo^r^^ooo 

<       <c <;       <       < < < + < + + < + -< + + <:< + 
CO CO  CO CO CO   CO CO 

W 
I 
üuoüuouüuuyo 
UUUOUUOCJOUUCJ 

0HCLI0WCWQ-IP«PLIQ4PLIPHCXIP-I 

momoooou-ioooo 
 I  I 

WJWWJWJWWHJJW 

NNNNNNNNNNNN 

•a 
0) 
3 
C 

33 



 -*-T rm www Mwmmmity<wtwwn)**mzi " r.;'.'"»^P'.t-H" 

3 e 

c 
o 

CJ 

<v 

x> 
(0 
H 

en 
5>s 
CD o 

CO 
a) 
H 

u-i   (0 
o c r- i 
M e C 
aj -H g NfOrocini»ifonNn(ONfOfn 

XI   o 3 
e <u rH 
3 a O 
Z   W u 

iH 
• 

so      a 
c <u v£> 

•H  rH     •> oooooooooooooo 
ij -H x; C C0rHv000U"|CT\C">f-O<-HrHOO>CM 
4-i  n w e (M   N  N   H  »00   rl  00  H  00  00  X  QO  rs 
•H    C    60 3 A         M         A         A                                   A                      * 

•H   <U   C rH HrlH   rl                    rH           rH 
a. H  ai O 

C/3           VJ CJ 
4J 
CO 

m 
60 T3 
C   O 

•w x: 1 <•<.<:.<        <:     <     < < < 
M    4-1 3 ++++<<+<+<+++< 
3   0> r-4 en en en en           en      en      encnen 
U  32 o 

CJ 

0) -* 
4-) w 
a> c i 
u  x A ÜÜÜUÜÜÜOUUUUÜÜ 
a i-( 3 OUOCJCJCJCJCJCJCJCJCJCJCJ 
c M i-l ajpMpseuajP-ioSDSospseup^DSDS 
o o hhP4P4bP4hP4hhP4P<Pih 
O u 

60 4-1 
C   X! 

•H    60 
•O  iH 

cO   a) n 
O  S 
rJ C mmiriooooooooooo 

4J e r>«r^p-«o-*foo-a,md-3'in<t«M 
>-> c 3 rH                    rH 
0>   HI rH 

?>   01 
O 
CJ 

rH   CJ 
o 
»4    ^S 

CM 
u 
oj g 

§ UNUid  JJU^JUhl^HhliJ 
H   ös rH 
O H o 

&4 CJ 

XI rH 
4J 
60  O c 
01     4J 
ri   tfl 
4-1    pS 

i-H 
O 

HOOMtoovoioininnoooo 

fOfONNNNNNNNNNNN 

CO CJ 

00 
>> 
(0 n 

u-i 

ai 
60 < 
4-1 
ca 
01 
H 

NnrocinnNm 

oooooooo 
•JrlHffONHHH 

<4j <J  < <  < < +   +   +  <<?  +   + 
cn en en www 

u cj 
u cj 
PH  P-i  P-i  P»  P-c 

CJ  CJ 
CJ  CJ 

P-I P-I P-I 

u-i O 
r» O 

u-i O O u-i O O 
r- ^d- o r-~ u-i o 

WWW-)-JWWW 

mo\o\noo«ovo« 
mCMCNCNCMCMCMCN 

T3 
0) 
3 
C 

~a 

34 

«a 

i£ 



""« •"••' ••"-—TI ' , ,Ljtll|JMJ|U4^ni|l  i-'iWHWj!P|l»!J«A 

M-J     (0 
o e r- 

o> 
M    S C 
V  iH g MNCln 
X)   O 3 
6  o> i-t 
3   ex o 
Z w u 

•H 
«9 

oo       a 
c <u vO 

•H  i-l     •> o o o o 
4J  -H  J3 c H  CO  N   H 
U    01   u s ON CT\ 00 CT» 
•H e oo 3 
.-H o> s iH 
a H   v O 

CO            M CJ 
4J 
CO 

lO 
60 -a 
6   O a 

1-1 Ä g <    <u 
»J 4J 3 < + < + 3     Q) rH co      co CO 
u X o S* 

•o CJ « 
oi O 
3 
a ITI 

iH vO 
4J 9 «a- CO 
c V 
o <u c cu 
u U    X 0 CJ  CJ  CJ  CJ on 

O   iH 3 Ü  U O  CJ <: 
ci M 1-) as a, pi oi • o o Cu ft, ft, CM 4-1 

CO CJ u CO 
CU 

0) 
i-l 

H 

fl 00 4-i • 
H 

o
a
d
in

 
W

ei
gh

 

co 

00 

•J s o o o o w e •JlOfl^ 
u c 3 
01    <D rH 

£§ o 
CJ 

rH cj 
o 

ft. r>« 

CNJ 
N 
01 c li § hlU  J»J 

rH rs 1-1 
O  H o 
ft. u 

x: r-f 
4J 
00 o a 
C i-t g •0- ro CM i-l 
a) 4J 3 •    •     •     • 
U   CO 
4J   0Ä 

i-t 
o 

N N N  N 

10 U 

rHcocOcocococoroolcococM 

OOOOOOOOOOOO 
<jmMNio(nM)oco<fH>o 
COCNIONrHrHrHOOOOCXiOOCTNOO 

+ +< + + + <:<; + <:?? 
COCO COCOCO CO coco 

M 
I 

CJCJCJCJCJCJCJCJCJCJCJCJ 
CJCJCJCJCJCJCJCJCJCJCJCJ 
CnOiftiPuCäPLiftiCiioeiQdOiPu 
ft,ft<ftlft<ft,ft<ftlftlftlftlftlftl 

mu-iomoooooooo 
r~r~<-r^ooco<rmco-*m 

UUJNUUJhl^kliJU 

srochOicocovo^vfmfMfM 
C0COCS|CMCMCMCSCMCSI<MCMCSI 

35 

i 
U    4J 
01   3 

l-JB 
rH   4J 
O   -H 
a s 
cu at 

X!   4J 
•u   01 

ki 
«-I   a 
o c 

o 
xi ü 
4J 
00 rH 
C  at 
0)  u 
l-i   -H 
4-1    -U 
co   C 

0) 
oi -a 

co c 
c crj 
0) 
•U   «4-1 

o 
60 
C X! 

•H 4J 
4-1 60 
4J C 
i-t 01 
<H l-i 
a 4J 
CO    CO 

oi o> 
x: -i 
4-1  -H 

CO 
00 3 
B   01 

•H   4-1 
"3 
•H    00 
>   C 

•rH   -rl 
"3   4-1 

4-1 
>* -H 

X3   rH 
a 

•a co 
0) 
4J cu 
3 X! 
a. 4-1 
6 
o >, 
CJ Xi 

co  cu 
•H   4J 

«I 

% 

u 

i 
I-t 
o a 

CJ 

du 

a) 
ai 
u 
e 
o 
u 

s 

•a 
e 
cd 

V-i 
O 
a 

•a 
•H 

I 
3 

ps*3 
X o 
o t= 
Cu 1 
OI ri 

01 
II I w rH 

O 
• 4h Cu 
X 
01 n 
CO CJ 

rH  CJ 
PH 

II    ft. 

o 

3 
o 

c 
01 

X! 

CO 
u 
3 
o 
x: 

o 

•3 
0) 
V4 
3 
O 

i 
0) 

s 
CO 

• *3 
0) 0) 
4-1 U 
0) 3 
I-. u 
U I 
a u 
Q -H 
U   (0 

I« 
at < 

X 

5 

at 
CO 
3 

CO 

! 
u 
o 
4-> 
<0 
u 
at 
r-l 
at 
o 
o 
at 
at 

•3 
•H 
M 
O 

e-( 
Xi 
u I 

• o 
0) 3 
00 
at at 

co co 
ai 43 

o u —     CO              CD   rH     Ml 
•H    O »   0)   «-» T3 T4   C 
4J    C •  ai  X at  o 4-1  to 
cfl   O M   CU"H CO X!   C   0) 
S-.    u oi >, a     4J s B 

a 4J     «a oi 
F<      oi oi g at rH Xi  T3 

4J     CU rH    U    4J   4J            go 
O   CU    41   CO   OO-H  Xi 00 VH 

3 M-i CU   g    N   rH    0   4J    g 
5s a 3 -H      £ 01   -H 

t-l   T3 CU   rH    C    60   U    00   CO 
4J    O Xi   O   O   0)   3   a 
CO    g 4-> ft, CJ ftJU iH U 

<3 rCl   «0         t3          c» 

* 

'3 

• •••-* ••••—•- 
^t-^-Ljit:.-^^-. . 



a 

cu 

5? 
CO 
CU 
H 

>' 

5 

•8 

sz r~ 
4J    O 
60-H a •XJ 
P   4J Ö fONHHOOiONN 

£<s T-< coe>f*if)CMc\i<\j<N 
4J o (fl u 

vO 
60 T> 
C   O c 0 

•H J3 6 <<<<<<<< 
V   iJ 3 ++++++++ 
3   0) i-l (Aloviut/iviwn 
O  X o 

o 

« in 
4-1 <» 
<u c W 
U   X a rO                                1 
U   iH 3 CJCJCJUUCJOO 
C £ .-i uuououou 
O o K^cudiKoiCtt; 
U o bhhbhllihh 

00 -u 
C J= 

•H    60 
X)   -H 
fl)   cu •* 
o S 
rJ e ©ommmooo 

4-1 e ©Or-»r~r«.min>3- 
1-4      C 3 l-H   rH 
0)   (U i-H 

n§ o 
H  O 
o 

04   iVS 

r"> 
h « C 

Ki § <3 
wwwwwww_t 

>H    >i rH 
0 H o 

tu u 

<u 
1-1 
•H   -H 
C0   (0 
c o. $ CN 
H     • 

.C c oooooooo 
00   4-1 g ooNvovomofOrH 
c t>o 3 ^OOQOOONN^OvO 

i-t   c rH 
4J     CU o 
4-1     lj u 
iH   4J 
iH   Cß 
D. 

Cfl 

rH 
60 
C c 

C 

§ rH«Mfr,-cru1>Of-»C0 

rH j o 
CJ 

CO 

2 

cu 

x 
OJ 
H 

o>o vo m •» 
HNHHH 

<   <   <   <   < 

u o u cj o 
ü u u u u 
pW PS PM Mi p4 
CU  0-.  P-,  PM  CM 

o o o o o 
-» -* c"> <N <r\ 

(0 
>> 
Q 

r» 

cu 

$ 
u 
CO 
cu 

rJ   rJ   rj   rJ   rJ 

H 

o o o o o 
OHo>s<r 

H N « -» in 

O COOOiO VOM 00 

ON  N  N  N  (M   H 
cu 
3 
C 

+1 * t i 1 i 
(A V)  CO   IA CQ ») CO 

c 
o 
u 

u o o cj o 
uu uuu 
00   0-, «   06   DO 
O-i   Cu Ow   Cu   Cu 

m in m o o o o 
r>» r~ r~ o O m -* 

tU    W    W    W   W    W    rJ 

o o o o o o o 
oo H ovo>j *n 
rH   rH   rH   O   O   C»   P» 

i-l cN o «a- m vo p» 

36 



"^^mmm [«•Uff 111 i*ymm- m!w- 

! 

•o 
3 e 

c o u 

0) 
rH 

« 

I 

42 r^ 
u o 
00 "H C 
C     4-1 1 

rH 

oo H oo o> o> o^ co 
OJ   to 
M  Pi rH CM  rH  rH  rH rH rH 
4J O 
00 u 

vO 
00"0 
e o a 

•H   J3 <:     < 
M    4-> 3 + < + <-<<<: 
3   <U iH 00         00 
u S o 

U 

OJ u"> 
4J 
OJ c 
Vi   X a 
O   iH 3 U CJ U U O U o 
c s i-i uuuuuuu 
o o PL, o-, a, o. pö pä oä 
u u 0-,   CM   (X   CL,   0-,   CM   CM 

60 4J 
c s: 

•H    00 
•O  -H 
(0   0) 

3* 
sr 

c o o o o o o o 
«J a in sr CM co •* co CM 

u   C 3 
0)    OJ rH 

P. oj 
O 
U 

rH u 
o 
a. »< 

CO 
u 
OJ c 
11 s 

3 Un)iJ>J^hJ*J 
rH >* rH 
O  H O 
|E u 

01 
rH 
•H  iH 
W    (0 
C   0. 
0) CM 
H     - 

•a 3 o o o o o o o 
00 w 1 co CM i-t vO iH O r-» 
C  oo N N is io * * m 

•H   C rH 
w a* O 
u u u 
•H    «U 
rH  00 
a 

00 

iH 
00 
c 1 

•H 00 ON O rH CM CO «* 
4 3 rH  rH  rH  rH  rH 
e rH 

»1 O 
U 

0) 
>» 
a 
o 
oo 
CM 

at 
oo 
< 

(A 
(V 
H 

(MfliO<f*iOMU10-JHO 

CMCMCMCMCMCMCMCMCMCMCMCM 

oo oo oo oo oo      oo      en 

M 
I 
OOÜÜÜ uuuuu a, m PL, oi o< 
CM    CM   CM   OH    PM 

o u 
U U 
CM CM 
CM PM 

UUUUU uuuuu 
CM    02    CM    CM    CM 

CM   CM   CM   CM   CM 

inoomuoooooooo 
r^oor~c~-<»incom-»cocM 

WWWWW,JWMJW-J,J^J 

oooooooooooo 
O>CM00vOmcOCN!0000<—!C0O> 
•HiHOOO0\0>000000r^v0 

HNP1^in>ON00mOHN 

H9iO 
•     •     • 

CO  CM   CO 

<   <   < +   +   + 
oo oo oo 

N 
u u u 
u u u 
CM   CM   CM 
CM   CM   CM 

a 
>N 
(B 
O 

uo m m 
rH 
a* 

r» r^ r^ 

a/ 
oo 
<: 
u 
w 
<v 
H 

• 
OJ 

www 

o o o 
00  vO  rH 
CM CM CM 
it* 

rH   1-1   rH 

rH   CM   CO 

1 

37 

1 - *- 
• 

Ü UML. 



'* ""••« > • I.W     I      •.)»'••.   F-.I.I I.LJJIM^IIJJI|,WI.,^1I||,I     III, T^-^T• 

3 
C 

C 
O 

43 
(0 
H 

JS r^ 
u o 
ÖO-H g 
C   4J § o>vomoo\ooioroooo 
0)   « •   •••••••••• 

.-4 NNNCMNNNNNNN 
4J 
w 5 

vO 
WO 
c o c 

•H J3 § <  <  <                <                 <  < 
h  -u +   +   +<<   +   <<   +   +   < 
3   0> 1-t www           w           c/i w 
U 53 o u 

01 iO 
4J 
01 g 
U    X 
O  TH 3 CJOUUUOUUOOCJ 
c JE 1-» OOCJOOOOOOOO 
o o OicdoäpupucKoäpäaicxiPä u o n<PL<pjpL,CLiPLHajO-i(xc^P-i 

00 *-> 
C J= 

•H   60 
"O -H 
C0   01 -» 
O  3 

1-3 c ooooooooooo 
AJ s ooifl<t«>jitn^^N 

V*    C s i-t   .H 
01   01 iH 

1$ O u 
--I o 
o 

A. *>S 

cn 
»4 
O) C 

P.S. § WWW_),J_3_1,J.JWIJ 
f-l ^ iH 
O H O 

O. U 

01 
rH 
1-4   -H 

CO   CA 
c o. 
01 CM 
H     - 

.fi c ooooooooooo 
60 4-i g oocnoincTicr«r~i-(i-iocN 
C   60 3 HHH^COCOCOCOCOCOr^ 

•H   C iH Ä          »          flt 

*J   0) O rH  iH   f-t 
*J    W CJ 
•H   4J 
rH   Cfl 
D. 
N 

r-4 
60 
e c 
i-t 6 «S-irivcr^ooaNO«-icNo">«» 
£ 9 H H iH iH H 
c rH 

J Q 

(0 

cd 
Q 

m 

4P 
M 
0) 
H 

ir»ONvOCTivONO0000cn-*iH«M 

COCMNNNNNNCMNNN 

? + + •? + + << + «< + < 
w ca u in co (/) c/i      w 

u 

CLiPLiP-iPLiOjPwQ-iO-iC^CuaifX 

mominoooooooo 

WUWWWWJJWHJJJ 

oooooooooooo 
•*HHHHH»ONW»OlCO 

HNn-»m\OS00O(OHN 

38 

»-'>^--Vl    •       .^f'i      •—'If   fl   'in:»-' ' ••  ... ,J1.    ••Unlrt^tfllVMalMMlihfUrtlWlII     I' ~.~i—<>i~ ,.a--i./rx.^| iv'-'iiiirriiri 



'   " "•'• •«•'I*' ..iLi.ij.niyi.iiu,lji>,liiiii..ji \w.nmi,wm..t..,u« H"""|J".tP'.w'i"".jMi1u-.<TiT> 

CU 
3 
C 

C 
o u 

I 

43 r~ 
JJ   O 
60-H C 
C   4J 
V cq 

i-t 
4J o 
CO O 

vO 

ecu e 
c o 

•H 03 § 
U   4J iH 
3   CU O 
O X u 

01 u-i 
4J 
CU c 
CJ   H § c s rH 
o o o CJ 

60 4J 
C  J= 

i-i  oo 
•O   -H 
<o  eg -* 
o Ct 

•J c 
At a u c 3 

01   0) i-i M o 
CJ 

—J   O 
0 
a, s-s 

en 
u 
at c l£ § 
-1    >, i-l 
O  H o 

OH o 

01 
rH 
•H   -H 
CO   I» 
C    O. 
1 CM 
H     •> 

Jd c 
60 4J 

% C    60 
-*)   C I-» 

4J    ai o 
4J    U o 
•H    4-1 
rH   CO 
a 

CO 

r-l 
60 
C e 
i-t M 1 c iH 1 o 

CO 
>s 
co 
o 

u-i 
vO 
c> 

01 
60 < 

0) 
0) 
H 

60 

•»OOiOOCO-JOiN^iCNn 
•     ••••••••••• 

<   <  <  <   <  < < < +   +   +   ?   +   ?<   +   •<<   +   < 
cocococococo      co co 

M 
I 

UUÜÜUÜUÜUUUÜ 
UOUOUUUCJUUUU 
Oioda4cd&<oe;aioe!oc!o»ouac; 
OHO-ICVIOHOHOHOIOHCVIOHOIQLI 

u"iir>inoooooooo© 
r^r^r^oou*><r-*-*comfn 

WWWWWWhJ.-!,Ji-lWtJ 

oooooooooooo 
•^inNinfnoONHoof«.*-* 
fONHHHwoNOixoocoeo 

i-teMrosru^vCr^oocTsOiHCN 

at       i 
•H C 

i 
I 
u 
01 

o 
a 

cj 
u 
PC 
Ou 

CJ 

c 
at 
§ 
u 

c 
co 

o a 
•o 
at 

•H 
<4-l 

>>1-I 
X   T3 o o a. e 
a>  i 

u 

I 

o 

CU 
u 
3 
u 
I 
I- 

c a) 
4= 

CU 
u • 
CJ (0 
c w 
O 9 
y o 

vO 

O 
U-l 

ai 
u 
3 
u 
I 
8 
(0 
at 
4-1 

co 

H 

co 

M  >s u 
01 
u 
o 
c 
o 
o 

• »  O 

cv 
4-    II 
ca 

rH   CJ 
cj 

II      04 
0U 

pi 

CU  T3 
CU 
N 
3 
CJ 
t 
h 

I   u 

I 
U u 
CU   3 

I £ 
.-(    4-1 

if 

E 
«*u    U 
o c o x.  u B 
60—I 
C   CO 
cu u 
I-   H 
4J   4-1 
a c 

cu 
cu -a 

co c 
C  to • 
4-1   <4-l 

o 
60 
C J= 

•H 4-1 
4J   60 
4J C 
•H 01 
!-H IN 
Q. 4- 
co co 

cu  <u 

• 
60 C 
C   CU 

1-1     4M 

•H   60 
> c 

«UJ  -H 
TJ     4J 

M 
43   -- 

a 
-o   CO 
V 

•    4-1    (U 
01   3 X 
ac a 4-1 
to e 

O >s 
O 43 

CO 
01   CO cu 

e 
at 

1 « 
3 

co 

I 
o 
4-1 

ca 
t- 
at 

iH 
01 
u 
u 
CO 

cu 

1-t 
>- 
o 

l-t 

4. 
u 
c 

u 
cu 

•• CJ •• at 
••ca        «H   O   k 
CO      Öl     4-1    -O    -H    -rU      U 
4)    X    0)    O   4-1   4J    C a i-t co x c  co o 
Ss  B 4J    3    V4    o 
4-1 TJ     « 

cu at | a» 4: TJ , 
tu«J4J BUCUr-lO 
v ti a etn CCH o xi 
eiur-ie«-ic<Map 
>> CJ   3 -H at -H >, 
HCMMMIITI«     "I 
00<D3C4-iOJ= 
0UCJ0NCJI-ICO   E   4-1   W 
C3 4i «)        tj Cfi 

39 



P*I"W*UIMHWH!U »WP IMIKIir 

i 

2 
a 
1 

i >. 

I " 
rH 
O 0) I I 
O w • 
•S H 
Ü 

! 

! 

N
t
m
b
e
r
 
o
f
 

S
p
e
c
i
m
e
n
s
 

I n«nNWNMN««nn 

F
l
e
x
u
r
a
l
 

S
t
r
e
n
g
t
h
,
 
p
s
l
 

NO 

1 
-4 

8 

oooooooooooo 

NHCNNNCOf»»tft"Mfl»'N «    *    »    •    « 

3    41 

IT» 

e 

§ 
—i 

3 

73 

WIAV)(A(AUtACfllA(AUtA 

• 
a» 
hi   X 
U   1-» 

g^ a 

e 

§ 
o 
u 

O                         1 
(JUUUUUUUUUUU 
ouuuuuouuouo 
acacc-a-a-ocoec-acotQ-o-, 
OUOUOMOUCLIOMOWOUOUOUO-IOU 

P
o
l
y
m
e
r
 
L
o
a
d
i
n
g
 

Z 
C
e
m
e
n
t
 
W
e
i
g
h
t
 

en 

e 

1 
—< 

O^OuluiOOOOOOO 

P
o
l
y
m
e
r
 

T
y
p
e
 c 

1 
1-1 
0 
u 

M 
«J 
00 o 
C   -H 
«1 u 

id 
(A 

c 
1 
a 

<3 
00U">©<JNO>u"i(Nj©r~>OrNt<M 

fO<n<»l(MNNMNrtHHH 

CO  CO  CO  CO  CO 

o o o o o 
•-( r»» •» ft a» 
* N •» •« m 

CO 

1 

1 
01 
0) 

< < < < < 

O U <~J o u 
o o u u u 
a« Q« as BS & 
Qu  Pu  0u 0u  0u 

J3 

o o o o o 
-»    -»    f»N    fN|    fO 

j .j j li j 

in N ao flo r^ 

N   N   H   H  i-l 

en en <N 

1
,
3
3
0
 

1
,
2
9
0
 

1
,
0
2
0
 

CO 

1 
•u 

I 

< < < + + ? 
(A <AIA 

P
R
C
C
 

P
R
C
C
 

P
R
C
C
 

u 

o »/"> o 
© r~ in 

u u u 

m -» r» •    •    • 

0) 
9 e 

c o 

40 

MU far- 



••jfiM.-n'ii-ij»».-;—"•!»¥Mii,fmiJi,ji),i.Miwi."      -• wmfiM WPPPWPWW- 

•o 
V 
a 
e 

c 
o 
u 

«3 

<4-l    00 

o c r*. 

i NMinitfOniOMNNMrtCIM 
JQ   U gi i-H 

o 
S5 co o 

•H • 
o. 

vO 
«9    •> oooooooooooooo 
M J= e ooonoa3<}<nHtONeoc4<tH 
3   4J § itN(MMMTimr»oo*ioin>o* 
X   00 «       «   « 
V   C i-i i-t         i-H  ^H 

•H   0) o 
fe   h u 

tl 
CO 

m 
00 XI 
c o c 

1-1   JS 1 <     < <            <<     <<:<:< 
u u +<++<<<++<++++ 
3   01 iH co      coco                coco      cocococo 
O SG «S 

01 -» 
41 
0) c M 

CJOCJUCJCJCJCJOCJOOCJO 
c 32 1-1 CJUUCJOUCJCJOOOOCJU 
o o cncii&<o-tx,«Bi«altx,PSBiCL,pM 
u o pucuhOtaiOiCbPibOiP^i^CHCi 

00 4J 
C 43 

•H   00 
•O  i-l 
(0   01 

3* 
r-i 

e uiou-iooooooooooo 
*J r^-a-r^o^a-cMro-tfincicNfo-^ro 

u c 3 iH 
01   0) i-t 11 o 

u 
-1 CJ 
o 

CL, M 

CM 
u 
0) ll e 

i U^HUHlHlhllJUHlFJHllJhl 
-H    •. iH 
O H O C CJ 

JS i-l 
M 
00 o e 
C i-l 
01    4-1 1 

o 

r»in«»^-cMCT>aiCT\r^i^u->-3,fvJCN| 

NNNNNHHHHHHHHH 

CO u 

CO 
>s 
CD 
o 
oo 
CM 

01 
00 
4! 
u 
CO 
01 
H 

nnnwNMMNrtnn 

ooooooooooo 
u-»r«.-*cooo-*i-too«»oo 
CMCMCMOCMCMONCT>CO^^ 

< < <      < <      < < 
CO  CO  CO CO  CO CO CO 

M 
I 

OCJCJOCJOOUUUCJ 
CJCJCJOOCJOCJCJCJO 

CLICLICVIPHCIIOHOHCLICIIPLIPU 

mooomuiooooo 

WWWHJWWJWHJHJHJ 

vO MO u-i in «* f% CM <* r-~ vO vO 

CM CM CM CM CM CM CM i-l i-i •H rH 

'S 
3 
e 
o 
u 

41 
;. 

1 

. ...j. :...... nuliM ln«iillilW ...»  -...-. i ».ilritiw-il-ifr-t^-^i-  i'^>H~»'"1>J"h*'''**^ ••' ' 



fmmtmmnm n iTl».!WIJU*«^Jl;wil.'l    ,JJ. i. ' mtwmvß fpnnmniuj «•(BMlim'.H"«!»"»* 

3 

C 
o 

m 

0) 
1-1 
XI 

<4-l     CO 
o e l>. 

0) 

0>   i-t I CO CO Ps| 
x> u 
§ fa 

ft 
o 

z co u 

•H 
(0 
fa 

i-t vO 
Q)      •» o o o 
H JB e •-t •* co 
3  *J g r~. r~* oo 
X   60 3 
O»   C «H 

•-t   0J o 
fa   u o 

u 
CO 

m 
Ö0-O 
c o e 

•H XS E < •< 
h   4J 3 < +  + 
3   V r-4 CO  CO 
cj a O 

01 -a- 
u 
01 c 
»J   X g 
U  -H 3 UÜÜ 
c s <-i u u u 
o o oJ os fa 
u c_> fa fa fa 

t>0 4J 
C X! 

•H   60 
T3  -H 
<d  V co 
O  S 
•J | o o o 

4J N N m 
li   c 3 
01   01 iH 

P,  01 
o u 

rH  CJ 
O 
fa »* 

CM 
u 
01 c 
Kg § -J KJ W 

rH     >> I-* 

O H o 
fa u 

XI i-t 
a 
00  O c 
C  -H I in m in 
0)   4J •    •    • 
gill iH 

o 
iH  r-t fH 

CO O 

CO 
s*. 
cd 
Q 

01 

4P 
(0 
01 
H 

(ON(OnrtMMN«NN(ONWn 

ooooooooooooooo 
nioiAMMnoo^o^io-jNco 
P1-J-*>tHM(nHONNOiOOO> 

<: + + + -< + + <•< + + •< + + + 
cococo      coco coco      cococo 

I 
UCJUUCJOUUOOOUUOO 
ouuuoouocjucjocjuu 
dnfafaoifaoifaDiDSfaoäoäfafafa 
pLlfafafafafafafafafafafafafafa 

ommoomooooooooo 
-jj-i^r^Ocor^o-tfcoinmcMCMsj-co 

FJHUMiJHHhl»JHIdljH]iJ4 

NvotoinnmnNHHHOtoocon 

NNNNNNNNNNNHHHH 

CO 
>> 

m 

01 
60 < 

CO 
01 
H 

CO co CM CO 

O O O O 
00   N   \C   <Ji 
<* sr m <r 

< < <:<: + + 
CO  CO 

w 
I 

uuuu 
o u u o 
fa fa fa fa 
fa fa fa fa 

O O m m 
CO sj- P~ i^ 

•J J td W 

CO  OO  N  * 
•      •      •      I 

CM CM CM CM 

3 

o 
u 

! 

42 

:.*! 

, .^Ab**.*^,i~   '— -^^jr^,....^;^^,    _».,^,.:^^,; ..,;..    .,..•,-'...-^wl->-^, „      ••• --• —   -'------1 



w* B'W|ip,Hiiwy.'!ii"M«i»w»;!iwi' '.*.M> .•'»•Mi",.iiwi.ni'-i..w.„i,;y.mi).iiii^^j I^M,^.). v,n\jtnmnmm»'» l*l
!!W'.l.'»l|»Wi«iw»«l»-,»w.l'.''»^swi 

•O 
0) 
3 
C 

m 
v 

i-i 

(0 
H 

»W    ID 
O   C 

B 
r>. 

% I i fOfOfOfONfOfOfOPIfOtONtO 
J3   O a a) iH 
3 a O 
Z   CO O 

•H 
n 
(X 

iH SO 
(0     * ooooooooooooo 
M X 6 vOO>r-IOvO©C\ICT>i/"lu"lOOOsO 
3  U I <t<*fOfONMNHHOHHO 
X   00 
<u c rH iHi-ttHiHi-liHiHi-ttHpHiHiHi-l 

•H a» O 
u<  W u 

4J 
CO 

m 
00 TJ e o 

•H x § < <            ^^^^iC^lSlfi-?! 
W    4J 3 + + -<<: + + + + + <! + + + 
3 at i-i ca vi           co co co ca ca      co co ca u z o 

c3 

• >» a 
at 
Vi   X 
CJ -H 

e 
1 CJCJOOCJCJOOOOOCJU 

c x r-t CJÜOOOOUOOOOOU 
o o OCaSaeiciälläPupLipäPLiPäpcipcipci a u (XIB*CL,0-I&*PJPU0J<XPLCCMO-,OJ 

00  4J 
C X 

•H   00 
TJ  i-t 
CD  a) 
3s m 

c I/IOOOOOOOOOOOO 
4J s NOfO<J100<tNC1N«TlfltO 

u c 3 i-l                          rH 
<u  ai •H 

>. at 
O u 

.H o 
o 1 

PH  *« j 
i 

CN 

1 

h 9 e 
US. § WWJJWWHJJHJ  —  HJWH-J 
^   •> iH 
O H O & o 

XJ 1-» tf 
00 o c 
C  -H 
M cq 
u  pi 

I 
iH 
O 

tOiOm^NNHHOOOO» 

NNNMNNNNNNNNH 

CO u 

cd 
Q 

U"> 
vO 
CO 

a) 
oo 
< 

CO 

00 

cnciforococMeMcneNcocioi 

oooooooooooo 
NHHCOCOONinNmoCO 

<<;<;      <<!<:      •<•<•< 
< + + + <! + + + <: + + + 

ca vi to      co to en      en ca to 

W 
I 

UUUUUUUUUUUU uuuuuuuuuuuu 
pLt(tjpLipeiCLiCXipMCLiOfipc!pe!(Vi 
PLiClipupLiPLiPLiPkCLipHpuCLiOu 

oommooioooooo 

JWWWHJWWWHJKJHJHJ 

OOOOOOr^vOvOvO«/"!«»«»«»«» 

CNNNNNNNNNNNN 

V 
3 
C 

C 
o 
o 

43 

—•*"-•—-"-'->-' ^--rw.»  _._•-•-:.• -n       „fcnl.l... 



n-.iiwp.il- wii-<m»imBni.,viijj^Hyiij'.i».i•*^iiji.)i»n,»«^p»i.mw»WJ/Bim.'.i;HJ|,!mi»wi^y'. I 

>M    « 
o a 

V 
r« "3      c 

ja u 

C Tt          -H 

§ N «MM 

e
d
 

m
o
d

 I
f 

r
e
m
a
 

I2« as co 

i-t 

cS 

i
f
!
 

er
-:
 

f
o
r
 

•H -a   •      s 
o i-      5s     "o 
B   J»        p-t          41 

0) ft 
p-l tO r i   •   & 

u •»      a.      s «      « O O O O 
PJ   £ e «NNfl «in                    o 
3   u 
X   00 1 NHNN 

p     p     p     p 
BOM            1 

o> c PH P-l  tH  H  f-t .H-                CJ         -H 
PH    0» cS o a»      cj      «o 
tu    U O.JS         06 

*J *»     K   •••* 
co 4)                             4> 

x: w       .P      JC 
4->    3          4)          4-1           X 

in 

o      3               i-i 
«-i.e      4i             e 
o u      u      to 

00 T> •H          CJ          it          4) 
c o c J3   »         C          3         -fi 

•H  J5 
3 

•<          <  < 4J                   0            O           4J 
1-   w +   <   +   + 00  41          U         £ 
3   41 PH CO         CO CO c 4J                       e 

CJ  X o u 

s
t
r
e
 

n
c
r
e
 

D
e
n
t
 

r 
1
6
 

ed
 
1 

•o 
«1 O         4)         O         CO 
9 p-t  y       cj      IM       s 
e • <» (0                          A 

•H M w PH      W     -O       to 
4-1 01 e 3   «8          B          4)          « 
c U   X 1 X y       «8       u       £ 

5 U -H CJ CJ CJ CJ 41 -H        i-H          3 
C  X PH CJ CJ CJ CJ H    4_>             4J              CJ              U 

s cS p 06 06 eu <*4 e      u      f      o 
0* &* o-i cu 4)          O          B         4J • 4> <a      a      1      to 

in JC  -H                      41         N 
4->                  T3           4J            4) 

a» C          4»          CO         p-l 
t-H 00 «9        "H                       4) 
.a C           • u-,          II           y 
(S •H IM   pS-H                       U 

•O   O   X T3         <          Id H 00 U 
C  JZ •H          O   0         + 
ft   CO > JZ  a. B       co       4i 
T3 -H •H   4J   4)    I                       73 
10   V CO •O   00        U          • •>        -H 

3* C    II    41     •  T)          p4 
c o o o o •.  4)          I   41   4)          O 

A  hU  Ssu  h       p-l M U1  CO  OJ   tO 
n e 8 «J        PH   41   3        X! 
4)   V PH -a   co  •- o   ^   u        u 

ll o 
CJ 

tu      x o. y  i       e 
UHU      a u   • o 

p-l  CJ 3    (fl   4J    ||     0   -H    41    C 
o a w ia       u co  oo 
o* s-e B   3 H CJ               a)   « 

OX         U  44   1 
O   4)   N   S   C         4J   4-1 

—•'"  • -- -_ ... -  -    -    • -   '    -11 • 11 P-l           OH     0»   <     CO     CO 
10 144  p]          B          4) JS 
•H                                 Oi             4->    4J CM 

u 0)        «.   y  •• 
4) 6 o jz  '•  co       co p-i  co 
s   4) 
PN O. 3 •H4-IC04I4-1TJ-HC 

UIJPIP] 4J          41   X    4)   O   *J   «8 

gj? PH «   >s 0.-H  CO £   C   41 
0 V4   Xi    >s S           4J    3    B c CJ 4J         -O    41 

X!   4)         41    4)   B   41  p-l 
4J   tJ    It   u    u           SO 
00 4)   41   4)    10   00 -H  X) 
CVtBp4rHC4JB 
4)  y  ps y   3 -H       PS ifl PH 

4J U   B<-IC   oo u   ooto 
00 o e 4-i   O   O   0    4)   3   C 
C   -H § NHHH co yfecjeäcj-HCd 
41    4J •      •      •      • a     xi o       *a      co Si 

CO 

PH 

3 
N  N   N  N 

iÄjU^^'•*       M 

44 



•omqprwm _L iiumtftmfvBmi**'*'^" »• ,^.i   ,.i|,i   .     •w^.,li|ii,WW)pwt||     , 

] 

s 

1 
IM 
•rt iH 

I «1 l I u 

i •u 
m 
V 

fi H 
o ft. 

M »•» 
U  o 
60 •* e "X5 
e *» 9 oo>9tinnoinNNNioN 

£2 •   ••••••••••• 
^ (<INNnnNN(MHHi-(Fl 

M 
CO 5 

vO 11 e «) 
"H A § <<<<<<<<<<<< 
U    4J +   +   +   +   +   +   +   +   +   +   +   + 
3   0> ^ cocococococococococococo 
o X o 

u 

0) in 
4J <a> 
V e u 
u 2i § uuoouuouuuou 
C X ^H ouoouuouuouo 
o 3 ft.ft.ft.0£c£ft.c£c<ftäft4C£ft. 

CJ ft.ft.ft.ft.ft.ft.ft.ft.Cud.Cuft. 

60 <•> 
e £ 
•H    00 
TJ   -H 
10   0) <» 
2* C 0"~i""iO"10©00000 

4J § Ot>«r»Or~«nin«a,fM-*ror»> 
u e ^H                 iH 
41   V PH # 
US o 

o 
•H  CJ 
O 
ft. M 

o 
U 

g   | 1 1 

UUUUUfdUiJlJlJJJ 
^ 

O H o ft. c_> 

•ri 
• 

-H a (N • 
ki   • • oooooooooooo 
3 JC i X    4J riNNNHKOMftminift 
4)   60 iH «**•••* 

-H   C o 
ft.   «1 u 

i 
M 
CO 

-H 
60 
e C 
m • HNPI4m<OlN«)«OHN a 5 ^  iH  ^ 3 r-> 

a a 

NlANCO«) •            •            «            •            • 
NIM H HH 

<   <   <   <  < 

uuuou 
u u u u u 
ft.   Q£   ft.   Q£   0£ 
ft.  ft.  Cu  Cu  ft. 

S 

0> 

if 
4J 
m 
0» 

o o o o o 

J3 

-J -> J J J 

o o o o o 
N   H  »  •«  « 
r-. vo m <r <r 

H N w ^ m 

f* m «» •   •   • 

<   <   < +  ?  ? 
CO CO  CO 

P
P
C
C
 

P
R
C
C
 

P
P
C
C
 

>» 
(0 
Q 

r«. 

i 
u 
n 
01 
H 

moo 
r» O O 

o 

WWW 

1
,
3
8
0
 

1
,
3
3
0
 

1
,
3
0
0
 

i-4 CM «n 

3 
C 

C 
o 
u 

I 
* -   * 4 

45 

..     I..*! „M.I I «I 



* '"l .,  ,v„,Ai,.,., 
>""-"".-•'' ,'i-i )i»J!,pim'8»W^w,1wu|.i..'i|, .,J;.jJ#j|i^tyv»Wiii!;,itii.j,ii uu '..üffi 

•O 

3 
C 

B 
O 

01 
rH 

5 

•fi r^ 
*J   o 
00 iH C 
C    4-1 
o> cd 
t-l  05 

S "»«3,r^r-»CNCAu"><NI"-{Nu">0»CJ\«tf 

i-( (ONNHNHNHHrlHHHH 
4J o 
M u 

vO 
00 T> 
c o a 

•H J3 B •<<J-<C-f5       <l   ,"<       < <            < 
I*   4J + + + + < + < + <! + + <<! + 
3   0» rH CO   CO   CO   CO           CO          CO          CO   CO                  CO 
O S O 

U 

• u-> 
4J 
« B M 
U    X 
O  "H I 1 

CJCJUOOUOOCJUOOOO 
C X rH CJCJCJUUOOCJOOOOUU o O «fcOäfcfl.flJtflifttKOäBJoSa! u U toOlO-ipMPupLiCLllliPLtP^PH^CLiPu 

60 4J 
6 J= 

•H     00 
TJ  -H 
eg  o> •* 
3s 

B mutoooooooooooo 
4M i r» r». m in sr •* «* sr co o co CM O co 

0>   0> iH 

£§ O o 
i-l u 
o 

PH »4 

CO 
u 
i a 
US. s 3 UHHUHle]h4h4»J>Jh|»JhlhJ 

t-t >* rH 
O H o 
04 u 

•H 
a 
a 

rH CM. 
eg     . oooooooooooooo 
ri jC B WfON\OeOHO>*NHOO^fON 
9    4J 
X   M 3 

<sieMO00r~r^r^\OvOvOirimmm 
M     •»     * 

0>   C rH rH  r-i  r-l 
iH   01 O 
to   u u 

u 
V> 

<-^ 
00 1 B 

i •»lA*r-00OOHNf0^m\0N 

6 rH 

1 a 

ä 
ao 
CM 

2 
to 
0) 
H 

^vOtomninMCMAtsio 
NNNNNNNHHHH 

T3 
01 
3 
B 

C 
O 
o 

+ +? + ?<!< + + <!? 
CO   CO   CO   CO   CO CO   CO CO 

w 

CJCJOCJOUOOUUO uuuuuuuuuuu 
friOSOSIXi&P^rViOSOiCKOS 
P^PHPMPHP-IP-IPHP-IPLIP-IPLI 

ii-»omo<noooooo 
NONON^rfoinin-*-» 

WWWWtd.J.-JWCdhJiJ 

ooooooooooo 
OOl-»iOsr»3-cOrHOcoOOO 
cMpsicNCN<\io«yiaioooor~ 

rHCM«n-»invor^oocy>OrH 

46 



ni. f.».,' y.. .tu. j. A ,mmi>ivmm,J^7'''-IM'^^ivm- •'*!$mm*w#im>*wwi: 

T3 
0» 

o o 

vO 

CO 
r-t 
-O 
cd 
H 

43 r-> 
•u   O 
60-H c 
C   w * mi/i «» CON 

u o£ 
4* o 
CO CJ 

vO 
60 "O 
c o c 

•H j: <j     «<<:<: 
M    4J 3 <: + «: + + + 
3   <D <H CO         CO  CO  CO 

CJ S o 
cj 

01 m 
4J 
<u c 
l-i    X 0 
O  -H 3 uuuuuu 
C  £ i-H CJ  CJ CJ  CJ  CJ CJ 
o o pej (A au & PM & 
o u PM  0-4 CM  PM  EU  PM 

oo u 
C J= 
•H   60 
•O  -H 

CD   0) «» 
O  S 

HJ C o o o o o o 
4J S CO N N CO •» en 

u c 3 
CJ    CD •H li O 

CJ 
*-l  CJ 
o 

PM S«S 

« 
u 
0) e 
£& | J J J J J J 

-H    >, iH 
O H O 

fki cj 

•H 
CO 
a CV4 

iH 
CO      * C o o o o o o 
M X, E -» «* .H r-( o m 
3  *J 3 
X   00 iH 
o> c O 

-H    0) CJ 
b   U 

«J 
H 

iH 
60 
C c 

•H B CM en «* in vo r-> 
id 3 i-l  iH  r-<   r-l  rH  r-( 
c iH 

«s O o 

CO 

cd a 

a* 

lOvOlflC1MOr(rlnNr(COflOCOtvOMO 

CNCMNCMNNNCMCMNNHHHHrtH 

+ + ? + <?? + <<.< + + + -?•«:? 
CO  CO  CO V) COCOCO CO  CO  CO  CO CO 

w 
I 

CJ CJ ° y 
PU Pä 
PM PL. 

CJCJCJCJCJCJCJCJCJCJCJCJCJCJ 
CJCJCJCJCJCJOCJCJCJCJCJCJCJ 
pCiPMpMPäpMPMPäPCiPäPMpMOäOSpd 
CIIPMPMPMPMPMPMPMPMPMPMOMPMPM 

•nmomooooooooooooo 
NSON^OiniOfO-JfON-tncON-Cf 

wwwwjwwwjHJJjJ^-a^JjJ 

ooooooooooooooooo 
vomciinfno«3-or~0«3--*<Noor^\oco 
•»^«»(OfOrONNHHOOOaiONOvOv 

HNfO^riTHONMONOHNCO.g'irivOrN 

01 

c o 
o 

i 
.* 

>1 
1 

v'.V 
47 

•-*• 

8 

i 

 mm      awnA . I ••  



1 • "'•--' ' "•• ' "«"»"•.        <""•      '-•      •  II       up. Jl.    .lln«lW,ji '•'• >».w« Ji ii.ivmmVMt m^WFPrv*-* * 

JC r- 
W    O 
00 -H C 
Ö   iJ 8 

—1 
a)  eq 
u » 
4J o 
CO Ü 

vO 
00 T» 
C   O c 

•H x: 9 M   4J 
3   0) t-t 
O  X o 

cj 

m m 
u 
i c 
O  i-t i 
C X i-t 

3 O o 
(0 
>% 

•o CO 
01 60 U o 
3 C Xi 
c •H   60 m 

•H •O -H r>. 
•u CO   <U •* iH 
C O  5 
o hJ c 01 
u «1 § 4P 

0)   01 iH * £§ O o 4J 
co 

tH  CJ V 
« O H 

r-t 0k *« 
X) 
m • 
H 

i 
en 

M-4 

It a 
r-4    >. i-l 
O H O 

P- u 

•H 
in 
o. 

r-t CM 
CO     » 
M  J= 6 
3   *J 
X   00 3 
(U   C iH 

.-1   Q> O 
[K      ~ CJ 

4J 
CO 

l-t 
60 c e 

S a <H 

i O 
CJ 

MO«OOOeO*m'*NNHHOOOOiO 

NNNNCMNNCMNNNNMNNHN 

to in vi co oocococooococooo 

M 

UCJCJOCJCJOCJOO 
uuuuuuuuuu 
(liftjCUftjft^lliCMIlifli 

uuuuuuu 
CJ CJ  O U CJ CJ  CJ 
p^  Pi   P<  CU  OS  Pi  OS 
p4 a. PJ P-4 PH Pu Bu 

mmooou^ooooooooooo 

WWUKj^JWjHjWWHJhJW^t-JJ-J 

ooooooooooooooooo 
\09ia\coNvoHOO<o<smeoiootOin 
^^•»•»•««jnnnMNHrlHHOO 

i-tcMn^invor^eocjNOi-tcMco^triver^ 

CO 
>> 
CO 
Q 

in 
vO 
ro 

ai 
60 < 

CO 
01 
H 

00 

co eo oo r>> \o vO •    ••••• 
N N CM M CM CM 

3 
C 

C 
O 
o 

****** 
CO  CA CO CO  00 

w 
I 

CJ CJ CJ CJ CJ CJ 
CJ CJ CJ CJ CJ CJ 
pi PM a, PES PH CU 
PH  PJ CM PH PH PH 

o m o m m o 
O r- ** i-» r— m 

U W *J u u w 

o o o o o o 
to to IO m in m 

T m vo 

48 



»'"-»"••'"w •'"MW iJ«J*fSWIWWP!llEpWJM^MPlH^ 

TJ 
0> 
3 
C 

c o u 

vO 

i-i 
XI 
to 
H 

J= r^ 
4J    O 
00 iH C 
C   4J s »Oin<t-J-J<KNHHH 
a)  cd 
rl  PS 

3 «••••••••• 
rH CslOICNCMCNCNCMCvJCMCsl 

4-1 O 
CO u 

vO 
00 no 
B    O c 

"H X! I ^   <   <   <   <          <   <   •* 
rl   4J <   +   +   +   +   <   +   +   +   < 
3   0) i-H CO   CO   CO   CO           CO   CO   CO 
u Jfl O 

ai m 
«j 
• e 
M    X 
O  -H 3 ouuououoou 
C  S rH uuouuouuau 
o O rtkrltftfPjPirlPÜ« 
Ö u CMP-IP-lP-tpHpLiPHpkPUfLi 

00  4J 
3 X 

•H    00 
TJ  iH 
(0   0> >* 
o :* 
•J c oooooooooo 

VI B <00-*<tfO>Jlfl(nN(0 
M   C 3 i-H 
0)   a) rH 

US O 
CJ 

rH   U 
0 

Ok 8* 

CO 
W 
• C 

|| JWJJHJJWJJJ 
rH    5* rH 
O H o A u 

•H 
(0 
O, 

iH CM 
flj                »s oooooooooo 
rl  X c oomoovomcNivocncMr^ 
3   4J s st^nnnnNNNH 
X   60 3 
01   C rH HHHrlHHHHrlH 

rH    0J O 
fe    rl CJ 

4-1 
CO 

i-H 
00 
c c 

•H s M»OiOH(Mfl<riflvO M 3 rH   rH   rH   rH   rH   rH   rH 
c rH i o u 

TJ 
Ol 

1 M •H 
u O IM 
01 4-1 •rl t XI 

TJ     • 
O   U 

rH 0> 6   01 
O 
a 3 

CJ 
Si 
01   rH 

ii 1 
rl Pt   CL 

o •H rH 
o c« O    01 
tu O. -C 
tu c 

01 01 
• •> x: A  u    . 
01 4J 4J   3   X 
4J O  -H 
01 * <4H  X!    B 
rl CO O    4J     ° 
U w •rl   m 
C 3 XI   3 £ 
o o AJ    t; 
o XI 00  01 

4J vC 01    01   .H 
c rH U    U 
01 *j o Tj 1 (-1 CO    C    V 
01 O o  co 
y CM rH     O     -J 

CO 
TJ •3 U  <-i    CO 
c Ol 3   «0   (0 
ffl M X   O   * 

.-H 3 01  -H 
4-1 u H   4J    „ 
rl 1 IM     C     O o fi 01    4J 
a <0 

0> 
01   TJ    (0 

X!  -H   (j 
TJ 4-1 4-1            a| 
01 • CO C   rH 

•H oi 00  CO   0) 
<4H 4-1 II c       y 

•»•H 0) •H  W    u 
X T) n < TJ    O    CO 
O   O CJ + iH 
O.  6 fi CO > J=   01 
01    1 o •H 4J >a 

u o »*N TJ    00 MH 
II     01 TJ • C    M 

w IN 
4-1 01 01 >>«  o 
c U 00 XI    U   rH 

rH <D 9 « '4J   J3 
• #» o fi u TJ    CO    o x a l) 1 4J 01        c 
01 o H CO U  H   O 
4-)    II •H cu 3   CO   C 
to 4-1 CTt 4-1 a u 

rH cj 01 f   3   CO u CO II ^-t O   X 
II P-> •H U     0)    4-J 

PH TJ < 4J rH     CO 
rJ ai c » m £ 

4-1 p •H            4J • • CO • • 01 
••    (0 rH CO CU o x:  co 
to <v 3 TJ E iH   4-1   c 
01   X 00 o •iH 4J             CO 
CX iH Oi x: 4J CO   >»  01 
>>  fi OS 4-> u xi e 
4J 0> oo 

01 TJ fi c £    01   rH 
U    4-1 01 •H 4-1    4-J     0 
0>   0> •H 00 c 00  01  XI Is 14H c •H C     rl     B 

01   Ü   >> •H •H <0 
rH    C TJ IJ fi IH     |     CO 
o o O 3 cu 4->    0 

CK U fi CJ u CO   u  w 
<3rQ o T3         Cfi 

49 

.^,—..•»». - „. I „..!.,-» • • [|-«tei 



••MM 

••** 

X 

03 
0) 

•u 
<u 
U u c o 

•H 

I 
M 

H 
O 

CM 

o 

3 

o 

so 
c 
3 
o 

o 

<2 
•u 
00 
c 
0) 
14 

•u 
CO 

—I 

to 
a 

00 < 
(0 

m  <n 
o c r» 

0) 

öJ 1 ciNtntnMciNnM 
.o  o 3 
e v r-( 
3 a O 
55 (A o 

•H 
(0 1 
D. 

vO vD 
Cfl O 
-    i-l a r^oocOi-HOr^-s-i-tcTN   : 
00 
c    » 
3   03 

& OOO<T>r^00«3-CvlO    1 

tH NN(NHHi-IHi-lH     ' 
O   3 O 1 

>< tH O 1 
3 | 

T3 1 
O | 

32 j 

in i 
00 T3 t3 
c o C <<<<<<<<<    : 

•H .c ß +   +   +   +   +   +   +  +  + 
u u 3 COCOCOCOCOCOCOCOCO     ' 
3   0) .H 

C3  X O 
u 

1 
1 1 

01 <r 
; 

4J 
a> c <Ü 
V«   X § uacjuuuoua   . 
O  -H 3 uuuuouuuo 
C 2 r-l oäcdoäcäaSPMPuosPw 
o O a.a<o-.a.a<o-,eM(x,eu 
a U i 
00 4-> 
C JB 

•H   00 
TJ   -H 
(0    0) M 
O   S 
•J C oooooomuio 

4-1 1 cMmo">>tfOOr»-r^.» 
H  c 3 .-i <-t 
01    01 .H 

t% o 
o 

•H u 
o 

PU *e 

tN 
u 
V c 
B   <U 
>> a. 

e rCl 
3 .-JWHJJMJWWW,-) 

r-f    >* !-f 
O H o 

PM o 

,C3 H 
4->     O 
00 -H c Ö 
C w g <^4«HH0000lO 
0)   cfl 3 
U  at, iH <-li-li-(i-li-li-IOOO 
u O 
CO u 

03 

00 < 
•u 
03 
<U 
H 

(*3 C3 C3 C3 C3 

en o m en 
IN !ü IN in 

<<<<<! 

ÜUÜUU 
cj u u u u 
CU  Pa  Pa  OH  cä 
Pu  PH  PM  Q-,  Pu 

L_ 

o o o o o 
-a- -* en en cs 

KJ -J _1 -J _I 

to 

tfl 
o 

0) 
00 < 
03 
a» 
H 

H009\0\ 

i-H   r-H   .H   O   O 

nnnnnN 

3 

4J 
c 
o 
u 

ooNtncnnN 
o in CM o\ so •* 

(»INNHNN 

<   <           <          < + + < + <: + 
CO  CO         CO         CO 

M 
1 

y u CJ o o u 
ÜOUUUÜ 
cd es pi PM a, a; 
OH    CH    CM    PW    PU    CM 

o o o m o o 
cvj ~a- IN r^ -* in 

>J»HIJM>HU 

i*> •* >* <t en en 

^H   rH   iH   >H   i-t  f-t 

50 



•—•' ' 

9 
C 

C 
o 
u 

CO 
H 

<W    09 
o e r*. 

O) 
M   6 C 
0)   -H 1 nnnflnniMN« 

JO o 
E   01 -H 
9   O. O 

S5 CO u 

•H 
09 
a 

vO vO 
09  O 
-     iH c OOM^NP1flHB<»     | 
00 

!  c   « 
;   9 a 

1 
l-l 

nriONOO<»no   ' 

NNNHNHHrIN     i 
|   O   9 o 1 
'   X   rH u t 

1           9 
TJ 

i        o 
X 

! 
I 

i    00"O 
c o 

in 
i 

C <   <             <   <            <   < 
•H  Ä 1 +    +    <    +    +    <    +    +    < 
U    4J CO  CO         CO  CO         CO  CO 

!   9   <u i-H 1 

1 
| 

O 
O j 

01 -* 
1 

'   u 1 

i   v c 
'    U   X e OUOUOOOUU    1 
,   y -H 3 UUUUUUUUU    j 
1    C X iH oioScÄD-.oäoäP-.DHfX   | 
1   o O PMPDPUCLIPUPUPHPHPM 
! o 
l 

U J 
:    00 -u 1 
i    C Ä 
:   -H   00 

•a -H 
CO  a* m 
o 3 
j c i/iooooomoo 

u e rNO^onnN-jn 
t-i   c 9 .-1          .H 
o) at i-l 

P.  01 
O 

^H   CO 
o 
a, *•« 

cs 
u • e 
R| | UU^UHIUUHIJ 

-H    >, t-i 
O H o 

Du u 

J= •H 
w o 
oo i-t c 
C   4-> 

«H 

P>JfM«N<NrHMOOO    : 

i-t^Hr-I^H^HrHiHr-tiH 
4-1 o 
co u 

r : Mion^io^HcoH-jci^ 

iAMO«rON>oao>ainN 

MNNNNNfNNNNNN 

09 
•> 

oo 
CM 

0) 
oo 
<! 

01 
H 

•a 

<    < < <  < <    < 
CO      CO CO CO   CO CO      CO 

OUOCJOUUCJ 

oscL,CL,D£:osoiP-,oä 
ODPUOIOICLICUPUPLI 

M 
I 
o o o u 
u u u u 
CM fi Hi 06 
Ou 0M PU 0-, 

ooomoooomooo 
-»co^r^fOCMtNu-ir^fN-tfO 

51 

irw'.ä'iiW*iiHi*i a.i.i^'wMätttJliatttaM rtiifflffllfi rui •-*•"—=t^-»°^s-*:i.-'-«--.^—«..^ ^.wie^ri MAb 



 • -'' •" ——' 1— 

•a 
3 
C 

C 
O 
o 

-2 
CO 
H 

«-•   to   I 
o c r«. 1 
w> e J3 
W  -H 5 
-c   o g 

IS. •H 
o z en u 

•r» 
I 
O. 

«• vO 
'      09  O 
•    «     -H c 

t>0 e 
C     * 3 
3   W r-i 
O   3 O 
>* H a 

3 
•o 
o 

i 

u-i 
60 T3 
a o e 

<i-t £ 1 
P w 3 
3   <D iH 
U £ o 

u 

• -» 
4J 

1    v c 
!   v.  x 1 
<     U   -H 3 
1    C X i-^ 

,   o o 
; o U 

i    60 4J 
C X. 
i-t    60 
•3  -H 
«o a> fO 
O 3 

•3 c 
4-1 £ 

h  c 3 
0)   0) .-1 

£,  Q> 
o 

-1   O 
o 

&< *« 

(M 
h 
m c ll § 

i-t    >> l-( 

O   H o 
0- CJ 

J= 1-1 
4-) 
60  O c 
C i-t 1 a> 4-1 
>J  cd 
4J    Qi 

H 
o 

M o 
L   , 

nnmnwnnnnNrt 

NnNfONfONfMNNN 

«3 
>> 
CO 
a 

at 
60 

<     <     < < < < 
<:<:<: + <: + < + + + HF 

t/1 C/5 U)  V) (A (fl 

UUOUUOCJOUUO 
UUUUUUUUUCJO 
txososotfoÄpdfripsiospäot. 
PLIOIQLIP^&ICXICXIPLI&ICXIPJ 

OOOOOI/IOOOOO 

JHJKJJ-JWJ-JHJWW 

*nNrlHHHOOO\0\ 

fH^iH^rHrHrHrH^OO 

CO 
a 

60 < 
(A 
<u 

rtClrtflClNClrttilClCl 

3 
e 

c 
o 
o 

00O>MCN(N0OHnMn 

NNNNnrOMCONNN 

<   <   <   < <   < 
C/i C/5  C/5  to ia VI 

OOOUCJCJUOUCJCJ 
UUOOCJOCOOOOCJ 

(VI(XICXICX0-,O-I&IC4-ICLICLIQ-I 

oooooomoooo 

,JhJ_IJ>JWW_lfJ,JW 

lO'if-J^COCONNNHO 

• 

u "* 

• 

52 

E1H, ' .w, •-  ^1 ̂ w.ar.,,.^,  ^ .     j3»-4w.-^-^..-..^.,..4-.^-.^.^~,.:^«... •   _ 



• • "—f*-»~--o-* *•«'•"•»•«' "~ — - —  — 

V 

"3 
ID 
3 
C 

iH 
•u 
C 
O 

<u 

CO 
H 

UH    09 
O    C f» 

01 
u e e 
01   -H e nNfltOClrtflNPOCOMCt 
A   u 3 
S   0> i-t 
3   CL o 
Z  (A o 

i-l 
(0 
o. 

m vO 
CO O 
-     f-t a NON-J*NOOHVO>»<H 
00 
c    » 
3   09 

voweootinHsteomNM 
•-» nnnfONrtnNNNNN 

O   3 o 
>*  rH u 

3 
-o 
O 
£ 

i/*> 
60 T3 
C   O 3 09 <              ^ •?! «C «C <       << 

•H  J= • >•> < + <:<««: + + + + <: + + 
fa    4J 3 * en                 c/9 co oo co       co to 
3   0) •-H a 
U  S O 

CJ m 
ro 

0> 01 »a- 
4-1 60 
0) c < 
fa   X B ÜÜUÜÜUÜÜUÜÜU 
CJ   -H 3 4-1 CJCJUCJCJCJCJOCJCJCJCJ 
C 2! ^-1 09 QÄPÄ^Q^Q-f^OÄöSßSGSC-.Oä 
o O ft) D-,euPuPMO-o-.&jCL,Oja-iP-.D-i 
u o H 

60 60 4-1 
C  X 
•H    60 
•3  -H 

CO   0) co 
O  » 

•J c OOOOOOOOu-lOOO 
4J e mmvr-a-romcM^r^cNOO 

fa   c 3 r-l   rH 
0)   01 .H 

5^ oi 
O u 

H CJ 
o 

OH &•* 

CN 
fa 
01 c 
S   l> § iJ  U >J  J HI  »J  »J  h! N >J  U  U 

rH    >> iH 
O H o 

04 o 

x: 1-4. 
4J 
60   O c 
C  iH Ö OOOOMvOvOvO-JPinnOO 
01    4-1 3 
1-4     CO 
4-1   OS 

rH 
o 

n u 

•3   • 

El 
01 i-t 

rH 
o   0> 
O.X! 

4M 
01 
x 4J 
4J   3 

o 
«4-1 45 
O    4-1 

•H 
CO   » 
3 

i-t a» 
3 

T3 
O 
e 
CO 

0) 
fa 
u 
c 
o 
u 

60 
C   rH 
3   CO 
0 O 

>H     1-t 
4-1 

0>   C 
X   CD 
4J   >rj 

iH 
60 
C   C 
•H    tfl 
•a 
•H   <4H 
> o 

iH 
"3 CO 

3 
>>H 
X 3 

•3 
"O   O 
01 E 
4-> 
3   CO 
O.- 
6    60 
o c 
CJ   3 

O 
CO  >4 

•3 
at 

i 
i 

fa 
at I 
i-t 
o 
a 

cj 
<_> 
06 
OH 

at 
fa 
CJ 
C 
o 
o 

4-1 
c 
at 
e 
a> 
CJ 

•a 
c 
CO 

fa 
o 
a 
•3 i 
iH 

• <4H 
>>iH 
X "3 
O O 
O.  6 at   i 

fa 
II    0J 

i 
c 

fa 
o 

0) 
fa 
3 
CJ 
I 
fa 

c 
V 

X! 
4J X 

•H 
B 

09 
fa 0) 
3     x; 
O 4J 
x: c 
vO i-t 

fa 
O 

•3 
OJ 
fa 
3 
CJ 
I e 

CO 
at 

CO 

•3 
0) 
CO 
3 

09 
CO 
3 
fa 
O 
4J 
cfl fa 
01 

rH 
a> 
u 
u 
CO 

at 
•3 

W t 
x a. 
at 
4J     II 
co 

rH cj 
u 

II    OH 
Of 

rJ 

o x •• to 
•H  4.1   en o) 
4-t        a) x 
CO    >.   Pu iH 
fa Xi   >s S 

4J 
x  at at 
4-1   4J    fa 4J 
60 at oj at 
c fa e fa 

o  S CJ 
C   rH C 
o  o o 

co  CJ OH u 
<3      *   ty 

. T3 
at at 
4J fa 
0) 3 
fa CJ 
CJ I 
C fa 
o TH a» 
CJ CO   60 

CO   CO 
4-1 II 
C 4-1    4J 
OJ <   w   CO 
B 0) X 
<a 4-14J 
o •• 

fa 
o 

rH 
X 
u 
C 
o 
c 

01 
fa 

4J -a 
oi  o 

CO  X 
4J 

-3 cu 
at s 
4M 
CO   60 

rH C 
3 1-1 
60  fa 
oj 3 
os u 

T3 

•H C 
4-1     (0 
C   OJ 
3 e 

at i-t 

I] it 
60  CO 
c 

53 

•'"*- "-'•**•' 

..,,..      ••^-a..,.-Ii^.,. 1..^.»^.M>.:   J._.,.^.:,„   nn- • '   11 n^ft-i 



^ ""•— 
i.      —,;••   ->    ,- 

] 

1 

| 

! 

: s 

] 
o 
fl 
•o       <g |      0 

«        H 

O f 
<u I 
o 

Cu 

M 
O 

i 

0) 

CO 
<U 
H 

5 

oo 

i-t 

* r>. • 
00 o C •o 
e -H | ^-J^WHHOOOOvO 
4)   U 3 

(A 
^ 
3 

>o 
OCX) 
e o c 

<  <  <  < <  ^C < < < 
1»   <-> +   +   +   +   +   +  +  +   + 
3   * iH (AUlMIAtOCflUIACO 
u X 3 

a» in 
9 
I c 
U   X 1 A 
CJ  >H CJUUOUUOOU 
C X 1-t uoouuoooo 
a o otietiPätteuoäPwoäPH 

u CUOHOHOMOHQWP-IOWOM 

00  U 
e xi 
•H   60 
"O i-t 
at « St 
O 3 
«J e ooooooirimo 

41 1 mcMC"1<fOOi-»f^vt 
t-i   c —1  tH 
V  <u IH M o 

u 
-t o 
o 

CL,   S-5 

n 
y 
] c It B 

3 W_!_I_IWWWU.J 
.-1 •» eH 
O H O 
K u 

•rt 
CO 
o. 

vO fM 
CO o 

••      i-l c oor^cOiHr»0«»i-t<^ 
00 
c    «> 
3   CO 

1 oooo>oot-»srtvio 

CM<MfNi-li-li-l<-l.-li-l 
O   3 0 
•"   rH u 

3 
•o 
O 
£ 

1-t 
00 
c e 

C 

B HNnstlfl^NCOOV 

i-l 

1 0 u 

HOiOOOi 

HOHHO 

<   <   <   <   < 

u u o o c_> 
u o u u o 
&« cu o£ oc cc 
pu Pu P* Pu Pu 

CO 

s 
o 

1 
CO 
<U 
H 

o o o o o 

xi 

J    *J    HJ    J    -J 

O m m o (*1 
o r» r>» vo m 
CM   i-H   .H   i-l   iH 

iH cs m «»  ITI 

CO 

co 
a 

00 
< 

CO 
V 
H 

M»l^  W N <» 

< <   <   < +   <   +   ??•< 
00 I/)   CO   CO 

CJ u o o o u 
U U U U U CJ 
•I P* PA* • • • 
OH Pi PM OU Ota Pu 

O O O O U1 o 
N <» •* m N N 

_i _I J U W J 

co n N N o n 
o vo m <r fi CM 

CO  CM   CM   CM   CM   CM 

HNM^in* 

"8 I 
c 
o 
CJ 

54 

MMHÜ *tr«r,rglM^";i4A>arf ^ittiil I - -I -  -   • —   - Mir «rtfa—""-"- '   -   --    -   i     II  ifilliiM—i .«--,. jfja.. ,u^iiaj-Majja •^••^~»* 



•^w—• • ii, i,. i .|.,jwi,inui<ju,i.iiiijWn.ij»,'l!'li.J   '      •"•.".'TiM^P^BPtWB'WWWWWBH 

! 

1) 
3 
C 

C 
o 
cj 

00 

to 
H 

J= i-» 
it 
oo o c 
C  -H 

4j pä 

3 
.-I 
O 

CN©CNi-l«*i-I<NOO 

1-lrHrHrHr-liHrHiHiH 

CO CJ 

u"> 
00 T3 
C   O c 

•H  J2 s <            ^   "?<  <C           <   <!   <! 
W     4-1 3 + <<: + + < + + + 
3   CD r-l CO                  CO   CO          CO   CO   CO 

CJ  S o 
CJ 

01 m 
4-1 CO 
<u c w 
U   X e 1 
CJ   -H 3 UÜUUUÜUÜÜ 
C S i-t ÜOOUÜUUUU o 0 pSPipsPöPiPäPiPiPi 
o u PIPIPIPIPIPIPIPIPH 

00   4J 
C  4= 

•H    00 
•a -H 
to   aj -* 
O 3 _> c OOOOU-IOOU-IO 

4-1 a Oci-vfCif^mOi^-^ 
u c 3 l-t                             l-t 
at  <y i-t 1  I O 
>s 01 cj 
i-l   CJ 
O 
Pi   &•« 

m 
u 
a> c 

E 
3 WJJJtüJtUtü^J 

rH     !>, iH 
O   H o 
Pi u 

•H • 
a 

vO CM 
(0 o 

•   i-i c o>»*rncnu-ifor«.i-too 
oo 
c   « 
3   CO 

s 
3 

i-tOOOO>OOr«.<j-ro 

NNNNrtHHHH 
O   3 O 
iX H u 

3 
T5 
O • 

l-t 
00 
c c 

•H Q M»»OHN(<i<rin 
•M 3 
c r-t 1 o • u 

CO 

CO 
O 

00 
CN 

01 
oo 
< 

to 
01 
H 

l4-|«*li-|u-ieN<NCNiHOOCNO 

CO CO       CO CO CO CO CO 

CJ cj o CJ cj cj cj 
CJ CJ CJ CJ CJ CJ CJ 
as pi Pi Pi aj pa os 
Pi Pi Pi Pi Pi Pi pi 

cj cj cj o 
CJ cj cj cj 
« PC PLH CC 
PI PI PI PI 

omooooomoooo 

iJHlJHlUrJFJUpJ.JhJU 

mvoi~-vooorocNO>ooinvotN 
OOOvOsOlflmifl-JCICIHH 
MMtNMNNtSNNtNtSN 

iHCNrO-»mvOr~000>OiHCN 

T3 
OJ 

I 
4J 
<3 o u 

55 

*^L 

1 I 
1 1 

i'    ii li^itf iffhiriFifr-^-^1 '• wrtfty«rr -'—- '--•*-**••••-•"-*- 



«?TT^qg^.i.y ••|:w>w.'Jvg!W p!Hf;'L- f »HP^mppi M-^jm-IPi-^^f^gpi 
i7-»KJP.j;J»w^1?VW'L'Ww* 

""" 

0) 
3 
C 

C 
o 
u 

00 

as 
H 

S
t
r
e
n
g
t
h
 

R
a
t
i
o
 c 

§ 
o 0 

00 T3 
C   O 
•H   J= 
u u 
3   0) 

c 

O 

0) 
4J 
0) 

c s o o 

u-i 

3 

o u 

P
o
l
y
m
e
r
 
L
o
a
d
i
n
g
 

% 
C
e
m
e
n
t
 
W
e
i
g
h
t
 

c 

o u 

P
o
l
y
m
e
r
 

T
y
p
e
 e 

e 9 
o u 

Y
o
u
n
g
'
s
 

M
o
d
u
l
u
s
,
 
1
0
6
 
p
s
i
 

CM 

c 
6 
3 

O a 

00 c 
•H 
M c 1 

c 1 
3 

PH 
o u 

CO 

oo < 

CO 
CD 

HnHvONOOHO»CI>H 

i-tr-trHfliHi-lr-liHOOiH 

+   <?<<++<   +   +   < 
oo      en co to      en co 

OOCJOCJOUOOOCJ uuuuuuouuuu 
OHOiP-iP-iO-P-iPuCMpi-ilXD-, 

OOiOOOOOOOOO 

_3_JW_1_1,J_1_1WW>J 

C7\OO00CNr^O00<vir~\O 

nnnNCNMNNMNN 

i-tNm-*irnor«coaiOH 

CO 
>> 
as a 

in 

cu 
oo < 
CO 
cu 
H 

nfOCM^U^N^H-JfON 

CU 

3 
c o 
o 

<•<<; <     <     < + + + << + < + < + •< 
CO   CO   CO CO CO CO 

CJOOUOOUUUCJO ooouuououoo 
eijPL.D-.fiHDHP-.Q-.Putx.PL.a. 

ooooomoooo© 

,JW.-qhJ,JWJ»->>JW(J 

•toiovo<fH»ooin>Tco 
(MNHCM»oor-.t-»voinn 

nronNNNNNNNN 

HN(n<tlf|»Of^00fflOH 

itesl. 

56 

-^"-^'-"--"-—"-•'•'"- 



i$mqU£,WiV'"^,|! iwifßMmwiWNit***- 

XI r>» 
4J 

00 o a 
C  -H 1 
CU   4J 3 
U   cfl 
4_>   pd 

i-l 
o 

(0 o 

vO 

OCTJ 

c o c 
•H X £ 
H   4-1 9 
3   (U iH u s o o 

(1) m 
4J 

a) c 
Vi   X 6 
O   -H 3 
c £ iH 

o o u o 

00   4-1 

C X 
•o •H   60 
ai •O   -H 

3 eg cu •* 
C O 3 

•H •J c 
4-1 4-1 s 
C (w   C 3 
o 0)   cu i-t 

u o 
o 

• o 
00 p- »•« 

at 
.-t 

X 
CO CO 

H u 
m c 
!| E 

3 
FH   >% .H 

O H o 
PN u 

•H 
Cfl 

a 
vO CN 

co o 
-     r-t c 
00 s 
c     •> 3 
3   CO rH 

O   3 O 
P-  i-t CJ 

3 
T3 
O 
X 

rH 

00 

c c 
1-1 6 

fl 3 
e .-1 1 O a 

01 

Q 

m 

CO 

i) 
00 

00 

COOO»iO<»*vonMOcOO 

+ <<? + <:< + + + <: + 
CO (A   VI tf)   CA   CO CO 

CJCJCJUOCJCJCJOCJCJO 
OCJCJOOCJCJCJCJUUU 
oSo3ode<cK;p-.o-,BSoäo-oäocj 
CLiSLiPuOHCX(D-iD-ieuOjCL,0-iCXi 

oooooooomooo 
u-ico-a-Pics-a-ci^r^-ocN© 

U,JhJPJPJhJ_)pJttU_4lxl 

OCNCNr~00-*vOfHvO   •*  -tf   i-t 
ov >o vo io H o at ovco r^mcsi 

nm n n n COM NN N N N 

HNd-»in>orvcoo>OHN 

CU l 4-1 

•H c 0) 
14-1 •H u 
•H CO y 
T3 s B 
O cu O • h y 

b »1 •o 
CU o CU I U-J 

14-1 

iH •a •H 

o 0J 73 
a. 

3 
O 

E 
u u 

1 
1 

CJ h cu 
Cfl t p* ^ 
C 0 • 
CU a. u   • 

• •* XI <U   X 
cu 4J CU 11 4J X 
cu ft 4-1 r-t 

u CO O   CU 
q VJ «4-1 CX -C 

a 3 O 4-1 

o O CU 

y £ CO 

3 
x: c 
4J   1-1 

4J vO i-H 

C r-4 3 U   T3 

CU T3 3   CU i ftl O o  co 
CU O B Xi   3 
y «4-1 

CO 
4-1 
1-4    CO 

•3 tJ » 3   cfl 
S 0) oo » 
cfl JJ a cu 
.-I 3 3 4-1     W 
4J u O 01   o 
M 1 >H U    4-1 

O 1 y  co 
o. cfl OJ c u 

0) XI o  cu 
•3 4-1 4-> y rn 

CU CO 4) 
•H MH    U 
14-1 H c co  y 

5^-H 1-t y  co 
x -a < T5 i-t 

o o + •H 

3   T3 a s CO > 
<U    1 •H 

h • ». •o •° u 
•H o 

CO    u 

II     CU • X) 

w  & 
01 

4-1 u 
rH a» 3 .«  o u u T3 

o  g 
x a. u 1 CU 
cu c kl • 4-1 

4->     II o •H CU 3 

CO u Cfl oc O. CO 
H cj Cfl | 3   CO 

CJ 4-1 N 0 .H 
II    (X, c 4-1 CJ 3   4J 

£ CU < CO T3    CO 
•J 9 (U CO o x; 

cu 4-1 •H B    4J • • CJ • • 
• •  co en H o CO    CO 
CO   cu 4-1 •3 •H •H -   a 
a» x cu o 4J 4J 00  CO 
ft -H CO x c CO C   CU 

>% B 4-1 3 >-l 3   E 
«•1 -a CU o 

cu <u 1 CU X >i   <-1 
l-l    4J 4-1 R 4J o 
cu  cu co 00-H 00 CU X it 3 

c 4-1 C 
CU 31 

«H    C U u OC *-l CO 

o o 01 3 c 4.) >> 
CU  -O ai U •H CO X w 

(3 *o C3 a • 

57 

——. 



*•     ••^WIWP.HHP!jfPI!1« '•• .•' 'A.•.11 • CTIIIt>Wffl(.i|iyi»,Bj..v^jw,ygl 

X 
CT> 

in 

(A 
(U 
u 
01 

o 
C 
o 
o 

0) 

o I 
<u I 
o 

ftl 

<4-l 
o 
c 
o 

0. 
M 
o 
CO i 
0) 
4-1 

<o 
3 

(7* 

a» 
•-I 

CO 
H 

1 

4)   O 

£U-H r^ 
•H  "O    O 
o   «  n C ^HvOi-tinHHirtaxnooffiNrtMe 
ft,  -H   W 

•••HO 

\B-»(,1iOM(nvOlfl'*vOW-*-**in'» 

oooooooooooooooo 
0*0 0 o 

•H    O CJ 
*-> S 
a 

c 
o o 

.-1   -H 
O    4J c 

C   O *— 

§ \OlClOM^N*lOtNSNHH-»-*>* 

«H o\*o\000»«oooe»ioiriHH 
o to o t-ti-ti-l                    iH   i-l   t-(                   rlHd 

CJ -Q CJ 
31 

c 
o in 
•H 
4-) c 

HCMOlOM*lOinNNHlflfl0NinCl 

»H vonroinr^fninminvost-^ror^vom 
CO O 

43 cj < 

~a- 
60 73 
C   O 

•H ,e 
c 
B <..<•<<:•<•<<:<:«:<:<: 

u  u 3 + + + + + + + + + + + <:<<:"<<: 
3   01 .-( U1V1V1IAIAV)!/)<AV)(A(A 
o 9B O 

CJ 

0) CO 
4-1 

01 C A 
W   X 6 CJCJCJCJCJCJCJCJCJCJCJCJCJCJCJCJ 
CJ  -H 3 UCJCJCJCJCJCJUCJCJCJCJCJCJCJCJ 
C  S H puPMC^tfcc:päft.ft4ciä(^ciäftiPucäcdas 
o O ft,ftftlft<ftlP^ftftlft,ft,ft,Q_,ft,ft,ftlft, 
u CJ 

y~S 

00   4J 
C J= 

•H    60 
•a i-( 
<D    01 
O 3 

hJ 

CN 

c omoomooooooooooo 
4-1 E inr^omr^Oro-^-cNm^ro-^tsm»* 

M   C 5 H                  iH 
01    01 i-i 

£>   01 
o 

CJ 
.-1  CJ 
O 
ft,  »4 

N—' 

l-l 

h 
01 c 
Kg 3 Id Id U td Id U PI >J hi hJ hi hJ iJ h) H) >J 
^  i>> iH 
O  H O 

ft« CJ 

•o i 
«1 c 

•H •H 
IM CO 
1-t g 
"O 01 
O M 
E 

U 
M O 
01 CM 1 T3 
l-t 01 
o U 
a. 3 

O 
ii 1 

M 
u •H 
u a) 
06 
ft. C 

01 • •» £ 
ai 4-1 

4J 

01 * 
Vi CO 
u 1-1 
c 3 
0 O 
CJ M 
4J y£> 

c «H 
01 i M 
01 o 
CJ «4-1 

TJ •o 
c 01 
re M 

iH 3 
4J Cl 
U 1 
o E 
a. CO 

01 

•a 4-1 

01 CO 
•H 
"4-1 1 

^•H 
X  T3 < 
O   O + 
O. E CO 
01    1 

U Ml 

II    01 -a 
&J   >, 

01 
u 

01 
M 

t-H 0) 3 •* o u CJ 
x a. CJ 1 
01 C h • 
4J      II O •H 01 
<0 CJ CO 01) 
H  O CO 

CJ 4-1 II 
H   ft, c 4-1 

ft« 01 < CO 
hJ E 0) 

0) 4-> • • u • • 
••    CO CO i-( 

CO    01 4-1 T3 •H 
01   X 01 O 4-> 

a. -H C/i rfl a 
KS 4-J 3 
4-1 T) 01 

01 01 1 01 
h4     U 4-1 E 
01   01 CO oo •H is iH c 4-1 

3 •H 
rH     C H U on 
o o 01 3 c 
ft, u oi CJ •H 
a hQ Q 

i -4 

58 

iiiiMikiaüttiiiaüMi ioa UtrftaiMinimiiiii 



           -HI.   • ««•.•  i     •    ail        i in  ii 

r 

0) 
u 
o 
e 
o 

CJ 

"3 
0) 

o f 
u 
0) I 
o a 

CO 
vi e 
01 

u « 

3 
CJ 

u 
01 a 

"O VI 
0) 0) 
M O 
oc cj 
c 
M .H 

(S 
U VI 
O c 

U-4 01 
0 

co 01 
•u M 
1» U 
o c 
cj M 

iH 
tO /—s 
VI CO 
c S-* 
0) 

§ 
u 
u 
e 

X 
a) 
H 

8 HNM<tlfllON u 
M 

VI • 
O  VI 
cj e 

0) 
rH  >H ON«<» nH(M 

31 VD n <o co a< i-t N •      •••••• 
e v> CO O O O «» i-t CM 
oi oo IT1MHIS 

§5 «(•IHN 
</>• 

M 
U  <M 
C   0 
M 

«1 
10 
o 

CJ T3 
c 

VJ   3 CM  -» 
C   O in r«. co .-i r* © o 
01 a oo r~ co so r>» © o 

•H •    •••••• 

•O   Vi O O <-i o o o o 
01   01 •C/J- 
u a 
oo 
c 
M 

•a 
iH 

>U     • 
O   VI -Q     "XJ e CM         «» 
4j at o          »o    -co 
xs -H \o so co -a vo m in 
oca r( H oo •»      mm 

•H    01 st «*      «»       m m 
0)   u 
»   00 8 

M 

4J 
6 
0) 

§ 
VI VI   CJ 
e a 
01 01    4J 
•H C~         iH                 s   01 
•o r»        I             oi en 
V O      H      M cj 
h m           •*           -o 
00 m oi vo  g M  oi 

NH  e -tf  SHU c 
M CD 00  iH          O M   CO 

1    6   <0   01 -H   01   3 
t-i o u u u a oo 
a a c co c •> o» 
UU<>J<HC<I 

CO 
0) 
X 

a> 
o 
0) 

0) 
CO 

«VI 
o 

CO 
o 
u 

c 
01 

§ 
u 
o 
c 

o 
H 

«K 
f-t -o 

2 IS 
C P- h 0>   Gl CJj Ö> 

N o> CO o oo o> 
VI x CO O «* CM 00 OS 
U   3 •       ••••• 
6 CJ in CM so co so r» 
M *fn*C1NN 

|J •* «»  •*  •*  CM  CM 
»-«   01 vy 
(0 a 9 
o *J 
H   CO 

o 
CJ 

*-\         /-s 
so       r>» 

+       + *-%      /—* 
co so co r^ 

+ + + + 
so r> 

CO   +    CO   + 
e     e     + + 
0)  CM    55  CM 
AJ      vi      m m 

X M    CO  M   CO 
•H ^ I ^ e + + 
£ 01          01 

f», V    >% Vi  .*  -» 
X   M    X   IH •3 

0) O v-<  o '«*'  (0   CO 
•H a      a      a I 
CM 
•H X        « u« 
•3 r»  O r->  o M M 
0 r*.  at»»  a^x 
£ o   0> O   01 
i m      m      -» -a 
u m      m vo vo 
01 N r-<   N t-i «* «a- 1 CU 00   CD 00 

u        u        XX 
H i   e  i   c o) o> 
O •H    O  -H   O   *J   *J 
0* a a a a co co 

U  W W W  HJ J 

,c £ x x: ä x: 
u   u  u   u  u  u 
•H  -H  -H  i-t -H  «H »»»»»» 
CJ   CJ   CJ   CJ   CJ   CJ 
CJ  CJ  CJ  CJ  CJ  CJ 
a a os a: a os a a a a a a 
0*i   CTt  C7>  0>   ON  ON #••«•• 
m m m m m m 

8J 
•M e 

x 
oo 

01 > 
X 
« 
u 
m 

X 

O  rH 

o -» 

03    « 

CO 
•      O 

I 
2! }S 
0) ON 
«J      rH 

O       U 1 
5 S m o 
m .e 
m    co 
co 
0) 
vi 

CO 
i 
u 

•H      3 
3      00 
er   -H 
0)      IM 
u 
x 

•H 
a 

w <r     CT>     .-i 

t3 

C •» 
< •*-*   m 

^ 

CO -H 
O   3 
cj er 

0) • 
i-C  IM 
A  o 

I» 
«0   -H 
M e e « 
"H   01 

ft 
0) o 

"O 
3 U 

t-l O 
U M-l I 

i 
VI   CO 
O 
C   B 

O 
O i-l 

•O   VI 
U 

co a 
vi a 
§g 

c^ü 

IM  8< 
• c«t O  O • t-i m 

X) •• X« 
I-t m iH     •> 

co 
vO CO CM   "O      • 
iH •H CM   fl  XI •* CM   iH   iH 

co | O 
co  co -* 

0) O oi      <r 
Vi a UNit 
•H 0) •H  O 
3 3 m co 
cr o cr     in 
0) VI CD   CO 
Vi U   1-t   VI 

VI X 
^5 c 6-s <r  oo 
in 01 O SO  i-t 
r» 00 -* -*   0) 

CO '    » 
M-l • u-t   X 
0 00 XI O   UH 

c ^-1 vi   cd 
00 •H 00 CO  vi 
c u CM C H   0 

1-1 3 • •H           *-) 
•3 u (O •V   VI 

CO 00 CO   3   O 
o <4H O X   01 

1-1 o II T-l 
co   •> 

>t n m X "3   Vi 
X •H *-» CU   -i-t    CD 
o VI vO VI  r-t   VI 
a CO rH CO   O   CO 
w 0Ä •^• J «1 J 

C3     tQ o 

59 

.  ..-. . —IJt. _ ._. ,  1 .. »a**. JliC«Mafca^^iihilrtiM^tnmr)ll iliMiMiililtiililltiJ 



MIM l.ll    I     -iU.HIII    Wl   .11   J      1 II   ••   I      I       Hl •  IkJTPW      l| ...    |JJjp|Bll,ljBBil|..Wl)l.|.ll   , 

11 CO 
• I c 

E "eVtrt • 

• 
S sJ 3 odd 

1 <r S 
c «s 
c 
I 
0. If r« 

II 
.. E 

c 
E oSS 

o 0 a o o o 
5° 

1 12 

? * 
E C CM 

01 i c (O 

? 1 i c CO CO (0 
• 

S 2 

fc •- CM t- 

e 
i 

3 

<3 
o o o 

a I 
p) 

c 

ii O   3 

\i s o 5 • ur
al
 S

tr
en

g
t 

7 
D

ay
s 

in 
c 
E 
3 

5 

S8S 
d d d 

*     & CC 
*     < 

en
ti

le
 a

nd
 

(a
) 
  

Te
st

 

S 
• • u c 

It 111 
c 
E 
3 

9 
H o 

o 

1 
1 
2 

1 

I 
ä 

o 
SI'S 
• ~ s 

c 
E 
3 

cS 

888 

o • (0 

1 > 
o li CN 

• If II 
C 
E 

888 
ctfAOi 1 • 

r- a 
r» IO « 

» 
(] < 

11 *" U    •   • cc uu 
E 
3 

3 
a> a. o. 
10 o$ o* 

^ * in uS 
aft   *   • 

llllU -J 

odd 

o o o 
odd 

io oo io 

odd 

o io co 

odd 

8 oo 8 
CM CM O 

oo to r- 

888 
O) O) Ol 
IA IA IA 

#* # * 
IA to g 
r» r» # 

•- CM CM ^ ^ »» 
odd 

r» r* r» 
o o o 
O O o 

CO — CO 
— (N  — 
o o o 

IA 00 CM 

• O O O 
o 
V- 

O) 

% < 
C 
f- .3

50
 

,4
60

 
,3

30
 

••   •*   •* 

u 

26
0 

28
0 

95
0 

III 
oe r» oo 

it 
888 
£8:* 
en en en 
IA IA IA 

75
%

. 
76

%
. 

40
%

. 

Ui UI -1 

0.
11

 
0

.1
2

 
0.

11
 

r» r» i» 
o o o 
odd 

0
.1

6
 

0
.2

4
 

0
.1

6
 

0
.1

3
 

0.
21

 
0.

11
 

1.
46

0 
1.

56
0 

1,
47

0 

1,
17

0 
1,

40
0 

9
5

0
 

9
,3

2
0

 
6
,6

2
0

 
8

,9
5

0
 

iu E K C 
en en en 
IA IA IA 

444 IA IA g 
r» r» « 
uf ui -J 

»- CM «- ^ ^ ^ 
o o o 

r>- r» f» o o o 
o o o 

IO O CO 

o o o 

CM r» o > 
O o o o 

8 
& < 
s 2 ° ° ft CM r» 

10 IO IO 
«-«-•- 

i> 

25
0 

,3
40

 
9
7
0

 

21! 
O r* O »—      <*» 

li wj< 

888 
Seit 
en oi o> 
IA IO lA 

76
%

, 
75

%
, 

40
%

. 

UI UI -J 

i 
c 
8 
C 

I s 
ii en • 

I I « 

I" 
II 
if 
ii 
li 
• i 
U   3 

el DC w 1*1 
CSS 
8 •£ 
2 le 
° c * II* 
*  TJ 

111 

ill* S. fee« 

HSU Ulli 

60 

  



» •»"" mn.w.iiu.•,.•»«,'u»!'i''-i"t""i'w»'»»i. HI mm. wm*m**mmminim>*W.Mimr'.<. - iiLJu^w,»^...i;p>w'iiy w •»«;•':• • •V! I w *w*,AMiJM,p.A«*"i' ,1* 

Polymer 

Epi-rez 5077 

Epon 815 

Ancamine T-l 

Latex 464 

Antifoam B 

Regulated Set 
Cement 

Type III Portland 
Cement 

a1976 costs. 

Appendix A 

POLYMERS AND ASSOCIATED MATERIALS 

Source 

Celanese Resins, Los Angeles, 
California 

Shell Chemical Company, New York, 
New York 

Pacific Anchor Chemical Company, Richmond, 
California 

Dow Chemical Company, Midland, Michigan 

Dow Corning Corporation, Midland, Michigan 

Huron Cement Company, Southfield, Michigan 

Southwestern Portland Cement Company, 
Los Angeles, California 

Cost Per 
Pounda 

$0.85 

0.77 

1.33 

0.61 

0.77 

0.025 

0.023 

61 

— v»2 



r "»MWJWp»jujiJUJitJlUM-1. 

Appendix B 

STRENGTHS OF CONTROL MIXES 

Tables B-l through B-4 present the compressive strengths, Young's 
moduli, splitting tensile strengths, and flexural strengths of the control 
concrete mixes. 
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Table B-l. Compressive Strengths of Control Mixes 

Curing 
Mix 

Designation 
Compressive Strengths (psi) 

IDay 3 Days 7 Days 28 Days 91 Days 175 Days 365 Days 

(a) Type III Portland Cement Concrete 

5.9 1,830 2,300 2,690 3.350 3,590 3.660 3,700 
Steam + Air (S + A) 6.9 2,750 3,740 4,220 5,080 - - - 

8.0 3,860 4,850 5,350 5,690 - - - 
Air (A) 5.9 570 1,400 2,220 2,710 2,960 3,030 3,130 

(b) Regulated Set Cement Concrete 

Steam + Air (S+A) 

Air (A) 

5.9 
6.9 
8.0 

5.9 

1,380 
1,940 
2,600 

790 

1,800 
2,420 
3,110 

1,410 

2,080 
2,810 
3,580 

2,270 

2,470 
3,390 
4,100 

2,810 

2,700 

3,070 

2,740 

3,120 

2,760 

3,150 

1 

• 

Table B-2. Young's Moduli of Control Mixes 

63 

Curing 
Mix 

Designation 

Young's Moduli (106 psi) 

1 Day 3 Days 7 Days 28 Days 91 Days 175 Days 365 Days 

(a) Type ill Portland Cement Concrete 

Steam + Air (S + A) 

Air (A) 

5.9 

5.9 

1.72 

1.70 1.85 

1.42 

1.95 

2.34 

1.80 

2.75 

1.88 

2.75 

1.89 

2.75 

1.89 

(b) Regulated Set Cement Concrete 

Steam + Air (S+A) 

Air (A) 

5.9 

5.9 

1.50 

1.64 

1.84 

1.62 

2.04 

2.43 

2.75 

2.38 

2.51 

2.06 

2.22 

2.00 
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Table B-3. Splitting Tensile Strengths of Control Mixes 

Curing 
Mix 

Designation 

Splitting Tensile Strength (psi) 

1 Day 3 Days 7 Days 28 Days 91 Days 175 Days 365 Days 

(a) Type III Portland Cement Concrete 

Steam + Air (S + A) 

Air (A) 

5.9 

5.9 

280 

250 310 

400 

340 

410 

350 

410 

340 

400 

340 

400 

330 

(b) Regulated Set Cement Concrete 

Steam* Air (S+A) 

Air (A) 

59 

5.9 

270 

250 

400 

320 

440 

340 

440 

350 

440 

370 

410 

370 

Table B-4.  Flexural Strengths of Control Mixes 

Curing 
Mix 

Designation 

Flexural Strength (psi) 

1 Day 3 Days 7 Days 28 Days 91 Days 175 Days 365 Days 

(a) Type III Portland Cement Concrete 

Steam + Air (S+A) 

Air (A) 

5.9 

5.9 

440 

330 350 

510 

360 

540 

410 

560 

500 

580 

520 

580 

570 

(b) Regulated Set Cement Concrete 

Steam + Air (S + A) 

Air (A) 

5.9 

5.9 

330 

240 

380 

280 

490 

460 

580 

500 

560 

530 

570 

560 
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Appendix C 

TYPICAL MIX DESIGNS AND MIXING AND CURING 
PROCEDURES FOR POLYMER-MODIFIED CONCRETES 

MIXING DESIGN AND PROCEDURE FOR 5.9 PPCC WITH EPOXY 

The following quantities of material per cubic yard of portland 
cement concrete with 75% epoxy loading should be used: 

Coarse aggregate 1,172 pounds 
Fine aggregate 1,620 pounds 
Type III cement 555 pounds (5.9 sacks) 
Water 388 pounds* (W/C = 0.70) 
Epoxy (0.75 x 555) 416 pounds 
Ancamine T-l (416 * 5)       83 pounds 

The mixing procedure is as follows: 

1. Mix aggregates, cement, and water for 3 minutes. 

2. Allow mixed concrete to stand for 1 hour, mixing 
occasionally for 10 seconds to maintain fluidity. 

3. Mix epoxy and curing agent and allow to stand for 
10 minutes prior to adding to concrete. 

4. Add mixed epoxy and curing agent to concrete and 
mix for 3 minutes. 

5. Place polymer-modified concrete in forms; hand-packing 
combined with vibration gives best results. 

It should be noted that when an accelerator is used (according to 
the manufacturer's instructions), step 2 can be reduced to 15 minutes; 
when Regulated Set cement is used instead of Type III portland cement, 
step 2 can be eliminated. 

MIXING DESIGN AND PROCEDURE FOR 5.9 PPCC WITH LATEX 

The following quantities of material per cubic yard of portland 
cement concrete with 40% latex loading should be used: 

Coarse aggregate 1,172 pounds 
Fine aggregate 1,620 pounds 
Type III cement 555 pounds (5.9 sacks) 
Water 388 pounds**(W/C = 0.70) 
Latex solids (0.40 x 555)   222 pounds 
Latex (50% water) 444 pounds (solids + water) 
Antifoam B (0.0144 x 444)     6.4 pound 

Assuming saturated, surface-dry aggregates. 

** 
Assuming saturated, surface-dry aggregates. 
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It should be noted that the 222 pounds of water in the latex total must be 
Included in the 388 pounds of water needed. 

The mixing procedure Is as follows: 

1. Mix latex and Antifoam B. 

2. Mix aggregates, cement, water, and latex for 3 minutes. 

3. Place the latex-modified concrete in the form; it 
compacts easily with vibration. 

Mixing and placing procedures are the same when Regulated Set cement 
is used instead of Type III portland cement. 

CURING PROCEDURES 

1. Epoxy-modified concretes require steam-curing. The structure 
can be covered with a hood and steam supplied by a portable steam generator 
(such as in prestressing yards), or, as an alternative, wet burlap can be 
placed over the structure and then covered with an "electric blanket" type 
of heating unit. Curing should continue for at least 16 hours, but 
longer time — up to 2 days — will provide even higher strengths. 

2. Latex-modified concretes require no special curing; as soon as 
practicable, form work should be removed and ambient air allowed to reach 
as much of the structure as possible. 
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NAVACTDET PWO. Holy Lock UK 
NAVAVIONICFAC PWD Deputy Dir. D/701. Indianapolis. IN 
NAVCOASTSYSLAB CO. Panama City FL 
NAVCOMMSTA PWO. PWO. Norfolk VA 
NAVCONSTRACEN CO (CDR C.L. Neugent). Port Hueneme. CA 
NAVENVIRHLTHCEN OIC. Cincinnati OH 
NAVEODFAC Code 60$. Indian Head MD 
NAVFACENGCOM Code 0453 (D. Potter) 
NAVFACENGCOM - NORTH DIV. AROICC. Brooklyn NY. Code09P(LCDR A.J. Stewart). Design Div. (R. 

Masino). Philadelphia PA 
NAVFACENGCOM -WEST DIV. Code 04B 
NAVFACENGCOM CONTRACTS ROICC(LCDR J.G. Leech). Subic Bay. R.P.. TRIDENT (CDR J.R. Jacobsen). 

Bremerton W A 98310 
NAVFORCARIB Commander (N42). Puerto Rico 
NAVMARCORESTRANCEN ORU IM8(CdrD.R. Lawson). Denver CO 
NAVMIROOiC. Philadelphia PA 
NAVOCEANSYSCEN Code 6565 (Tech. Lib). San Diego C A. Code 6700. Code 7511 (PWO), Research Lib., San 

Diego CA. SCE (Code 6600). San Diego CA 
NAVPETOFF Code 30, Alexandria VA 
NAVSCOLCECOFF CO. Code C44A 
NAVSECCode«034 (Library). Washington DC 
NAVSHIPYD CO Marine Barracks. Norfolk. Portsmouth VA. Code 202.4. Long Beach CA. Code 202.5 (Library) 

Puget Sound. Bremerton WA. Code420, Maint. Control. Long Beach. CA. Code Portsmouth NH. PWD (Code 
400). Philadelphia PA. PW D iLT N.B. Hall). Long Beach CA 

NAVSTA SCE. Guam. Utilities EngrOff. (LTJG A.S. Ritchie). Rota Spain 
NAVSUPPACT AROICC (LT R.G. Hocker). Naples Italy. CO. Brooklyn NY. Engr. Div. (F. Mollica). Naples Italy 
NAVTRAEQUIPCEN Technical Library. Orlando FL 
NAVWPNCEN ROICC (Code 702). China Lake CA 
NAVWPNSTA ENSG.A. Lowry. FallbrookCA 
NAVWPNSUPPCEN PWO 
NAVXDIVINGU LT A.M. Parisi. Panama City FL 
PM TC Code 4253-3. Point M ugu CA 
NCBC CEL (CAPr N. W. Petersen). Port Hueneme. CA. CEL AOIC. Code 10. Code 400. Gulfport MS. PW Engrg. 

(iulfpofi MS. PWO (Code 80) 
NCBU 411 OIC. Norfolk V A 
NCR 20. Commander 
NMCBI33(ENST.W  Nielsen). 5. Operations Dept. 74. CO. Forty. CO. THREE. Operations Off. 
NRLCode 8441 (R.A. Skop). Washington DC 
NROTCU Univ Colorado I LT D R Burns). Boulder CO 
NSC Code 700. Code 703 (M. Miller). Pearl Harbor HI. E. Wynne. Norfolk VA 
NTCCode 54 (ENS P. G. Jackel), Orlando FL. Commander. OICC. CBU-401. Great Lakes IL. SCE 
NUSCCodeEA123(R.S. Munn). New LondonCT. Code TAI3I <G. De la Cruz), New London CT 
OCEAN A V Mangmt Info Div.. Arlington V A 
OCEANSYSLANT LT A.R. GiancoU. Norfolk VA 
ONR Code 484. Arlington V A. Dr. A. Läufer. Pasadena CA 
PLASTICS TECH EVAL CTR PICAT1NNY ARSENAL A. An/alone. Dover NJ 
PM IC Pat. Counsel. Point Mugu CA 
PWC ENS JE. Surash. Pearl Harbor HI. ACE Office (LTJG St. Germain). Code I '.6 (ENS A. Eckhart). Code 120. 

Oakland CA. Code I20C(A. Adams). Code 200. Great Lakes IL. Code 200. Oakland CA. Code 220. Code505A(H. 
Wheeler). ENS J. A. Squalrito. San Francisco Bay. Oakland CA. Library. Subic Bay. R.P.. OIC C8U-405. San 
»egoCA.XO 

SPCC PWO (Code 120 & 122B) Mechanicsburg PA 
SUB ASK NEW LONDON LTJG D. W. Peck Groton CT 
UCTTWOOIC. Port Hueneme CA 
USCG(G-ECV/6|)(Burkhart) Washington. DC. MMT-4. Washington DC 
USCG ACADEMY LT N. Stramandi. New London CT 
USCG RADCENTER Tech. Dir. 
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USNACh. Mech. Engr. Dept. PWDEngr. Div. (C. Bradford). PWO. Sys. Engr Oepl(Dr. Monney). Annapolis MO 
WPNSTA EARLE Code 092, Colts Neck NJ 
AMERICAN CONCRETE INSTITUTE Detroit MI (Library) 
CALIFORNIA STATE UNIVERSITY LONG BEACH, CA(CHELAPATI) 
CLARKSON COLL OF TECH Potsdam NY (G B Batson) 
COLORADO STATE UNIV., FOOTHILL CAMPUS Engr Sei. Branch, Lib., Fort Collins CO 
CORNELL UNIVERSITY Ithaca NY (Serials Dept. Engr Lib.) 
DAMES & MOORE LIBRARY LOS ANGELES, CA 
ENERGY R&D ADMIN. Dr. Cohen 
FLORIDA ATLANTIC UNIVERSITY BOCA RATON, FL (MC ALLISTER), Boca Raton FL (Ocean Engr Dept., C. 

Lin) 
FLORIDA ATLANTIC UNlVERSITYBocaRatonFL(W.Tessin) 
FLORIDA TECHNOLOGICAL UNIVERSITY ORLANDO, FL (HARTMAN) 
GEORGIA INSTITUTE OF TECHNOLOGY Atlanta GA (School of Civil Engr., Kahn) 
GORDON MC KAY LIB Cambridge, MA (Tech Report Collection) 
ILLINOIS INST OF TECH Chicago IL (Dr J L Lott) 
INSTITUTE OF MARINE SCIENCES Morehead City NC (Director) 
IOWA STATE UNIVERSITY Ames IA(CE Dept, Handy) 
VIRGINIA INST. OF MARINE SCI. Gloucester Point VA (Library) 
KANSAS-STATE HWY COM MISSION Topeka KS(J E Bukavotz) 
LEHIGH UNIVERSITY BETHLEHEM, PA (MARINE GEOTECHNICAL LAB., RICHARDS), Bethlehem PA 

(Fritz Engr. Lab No. 13, Beedle), Bethlehem PA (J A Manson), Bethlehem PA (Linderman Lib. No.30, 
Flecksteiner) 

LIBRARY OF CONGRESS WASHINGTON, DC (SCIENCES & TECH DIV) 
MASSACHUSETTS INST. OF TECHNOLOGY Cambridge MA (Rm 10-500, Tech. Reports, Engr. Lib.), Cambridge 

MA (Rm 14 E210, Tech. Report Lib.), Cambridge MA (Whitman) . 
MICHIGAN TECHNOLOGICAL UNIVERSITY HOUGHTON. MI (HAAS) 
NORTHERN ARIZONA UNIVERSITY Flagstaff AZ (Prof S Popovics) 
NY CITY COMMUNITY COLLEGE BROOKLYN, NY (LIBRARY) 
OREGON STATE UNIVERSITY CORVALLIS, OR (CE DEPT, HICKS), Corvalis OR (School of Oceanography) 
PENNSYLVANIA STATE UNIVERSITY STATE COLLEGE, PA (SNYDER), UNIVERSITY PARK, PA 

(GOTOLSKI) 
PURDUE UNIVERSITY LAFAYETTE, IN (CE LIB), Lafayette IN (Leonards) 
SAN DIEGO STATE UNIV. Dr. Krishnamoorthy, San Diego CA 
SCRIPPS INSTITUTE OF OCEANOGRAPHY LA JOLLA. CA (ADAMS). San Diego, CA (Marina Phy. Lab. Spiess) 
STANFORD UNIVERSITY Stanford CA (Gene) 
STATE UNIV. OF NEW YORK Buffalo, NY 
TECH ACT COMMITTEE Detroit MKS J Henry) 
TEXAS A&M UNIVERSITY COLLEGE STATION, TX (CE DEPT), College TX (CE Dept, Herbich) 
UNIVERSITY OF AKRON Akron OH (T-YPChang) 
UNIVERSITY OF CALIFORNIA BERKELEY, CA (CE DEPT. GERWICK), BERKELEY, CA (OFF. BUS. AND 

FINANCE, SAUNDERS), Berkeley CA (B. Bresler), Berkeley CA (E. Pearson). DAVIS. CA (CE DEPT, 
TAYLOR), LIVERMORE, CA (LAWRENCE LIVERMORE LAB.TOKARZ), Los Angeles CA(DrS Aroni) 

UNIVERSITY OFDELAWARE Newark. DE (Dept of Civil Engineering, Chesson) 
UNIVERSITY OF HAWAII HONOLULU. HI (CE DEPT. GRACE), HONOLULU, HI (SCIENCE ANDTECH. 

DIV.) 
UNIVERSITY OF ILLINOIS Chicago ILfDrSP Shah). Honolulu HI (Dr. Szilard), URBANA, IL (LIBRARY), 

URBANA. IL (NEWARK), UrbanaIL(CE Dept, W. Gamble), Urbana IL(DrR Swamy) 
UNIVERSITY OF MASSACHUSETTS(Heronemus), Amherst MA CE Dept 
UNIVERSITY OF MICHIGAN Ann Arbor MI (Richart) * 
UNIVERSITY OF NEBRASKA-LINCOLN LINCOLN, NE (SPLETTSTOESSER) 
UNIVERSITY OF NEW MEXICO Albuquerque NM (Soil Mech. & Pav. Div.. J. Nielsen) 
UNIVERSITY OF PENNSYLVANIA PHILADELPHIA. PA (SCHOOL OF ENGR & APPLIED SCIENCE, ROLL) 
UNIVERSITY OF TEXAS Inst. Marina Sei (Library), Port Aransas TX 
UNIVERSITY OF TEXAS AT AUSTIN AUSTIN, TX (THOMPSON). Austin TX (D W Fowler) 
UNIVERSITY OF WASHINGTON Dept of Civil Engr (Dr. Mattock), Seattle WA. SEATTLE. WA (MERCHANT). 

SEATTLE. WA (OCEAN ENG RSCH LAB. GRAY) 
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URS RESEARCH CO. LIBRARY SAN MATEO, CA 
US DEFT OF COMMERCE NOAA. Marine & Earth Sciences Lib., Rockville MD. NOAA. Pacific Marine Center, 

Seattle WA 
AEROSPACE CORP. Acquisition Group, Los Angeles CA 
ARVIDGRANT OLYMPIA, WA 
ATLANTIC RICH FIELD CO. DALLAS, TX (SMITH) 
AUSTRALIA Dept. PW (A. Hicks), Melbourne, Ready Mixed Concrete Ind LTD (W G Ryan) Artarmon 2064 
BATTELLE-COLUMBUS LABS Columbus OH (W A Hedden) 
BECHTELCORP. SAN FRANCISCO. CA(PHELPS) 
BELGIUM NAECON, N.V., GEN. 
BETHLEHEM STEEL CO. BETHLEHEM, PA(STEELE) 
BLAKESLEE PRESTRESS New HavenCT(DW Pfeifer) 
BROOKHAVEN NATL LAB Upton NY (L E Kukacka). Upton NY (M Steinberg) 
CANADA Dept of Energy M ines & Resources (V M Malhotra) Ottawa, Onta, Mem Univ Newfoundland (Chari). St 

Johns, Min of Trans & Communications (P Smith) Downsview, Ontario, Queens Iniv (Dr B Hope) Kingston 
Ontario, Surveyor, Nenninger &Chenevert Inc.. 

CF BROWN CO Du Bouchet, Murray Hill. NJ 
CONCRETE TECHNOLOGY CORP. TACOMA. WA (ANDERSON) 
DOW CHEMICAL CO Midland Mi (R D Eash) 
DRAVOCORP Pittsburgh PA (Giannino) 
NORWAY DET NORSKE VERITAS(Ubrary), Oslo 
EVALUATION ASSOC. INC KING OF PRUSSIA, PA(FEDELE) 
FOREST PRODUCTS LABORATORY Madison WI (Library) 
FRANCE Dr. Dutertre, Boulogne, P. Jensen, Boulogne, Roger LaCroix, Paris 
GENERAL DYNAMICS Elec. Boat Div., Environ. Engr(H. Wallman). GrotonCT 
GEOTECHNICAL ENGINEERS INC. Winchester, MA (Paulding) 
GLOBAL MARINE DEVELOPMENT NEWPORT BEACH, CA (HOLLETT) 
GOULD INC. Shady Side MD (Ches. Inst. Div.. W. Paul) 
GRUMMAN AEROSPACE CORP. Bethpage NY (Tech. Info. Ctr) 
HALEY & ALDRICH. INC. Cambridge MA (Aldrich, Jr.) 
HONEYWELL. INC. Minneapolis MN (Residential Engr Lib.) 
HUGHES AIRCRAFT Culver City CA (Tech. Doc. Ctr) 
ITALY Dir Del Laboratorio Centrale (Prof A Rio) Rome. M. Caironi. Milan, Sergio Tattoni Milano 
KENNETH TATOR ASSOC CORAOPOLIS, PA (LIBRARY) 
LOCKHEED MISSILES & SPACE CO. INC. SUNNYVALE, CA (PHILLIPS) 
LOCKHEED OCEAN LABORATORY SAN DIEGO, CA (PRICE) 
MARATHON OIL CO Houston TX (C. Seay) 
MARINE CONCRETE STRUCTURES INC. MEFA1RIE, LA (INGRAHAM) 
MCDONNEL AIRCRAFT CO. Dept 501 (R.H. Fayman), St Louis MO 
MOBILE PIPE LIN E CO. DALLAS, TX MGR OF ENGR (NOACK) 
MUESER. RUTLEDGE, WENTWORTH AND JOHNSTON NEW YORK (RICHARDS) 
NATL CONCRETE MASONRY ASSOC Arlington VA (T B Redmond Jr) 
NEW ZEALAND New Zealand Concrete Research Assoc. (Librarian), Porirua 
NEWPORT NEWS SH1PBLDG & DRYDOCKCO. Newport News VA (Tech. Lib.) 
NORWAY DET NORSKE VERITAS(Roren)Oslo, J. Creed, Ski. Norwegian Tech Univ (Brandtzaeg), Trondheim 
OCEAN DATA SYSTEMS, INC. SAN DIEGO, CA(SNODGRASS) 
OFFSHORE DEVELOPMENT ENG. INC. BERKELEY, CA, Berkeley CA 
OWENS CORNING FIBERGLAS Granville OH (HNMarxhJr) 
PACIFIC MARINE TECHNOLOGY LONG BEACH. CA (WAGNER) 
PORTLAND CEMENT ASSOC. SKOKIE, IL(CORELY), SKOKIE, IL (KLIEGER). Skokie IL (P Kleiger), Skokie 

ILfRsch&DevLab, Lib.) 
PRESCONCORPTOWSON, MD(KELLER) 
PROTEX IND INC Denver CO (I L Lynn) 
PUERTO RICO Puerto Rico (Rsch Lib.), Mayaquez P R 
RAND CORP. Santa Monica CA (A. Laupa) 
RIVERSIDE CEMENT CO Riverside CA(W. Smith) 
SANDIA LABORATORIES Library Div., LivermoreCA 
SCHUPACK ASSOC SO. NORWALK, CT (SCHUPACK) 
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SEATECH CORP. MIAMI, FL (PERONI) 
SHELL DE V ELOPME NT CO. Houston TX (E.Doyle) 
SHELL OIL CO. HOUSTON. TX (BEA), HOUSTON. TX (MARSHALL) 
SWEDEN Chalmers Univ of Technology (Dr I RMalinowski) Gothenburg, VBB (Library), Stockholm 
TIDEWATER CON STR. CO Norfolk VA (Fowler) 
TRW SYSTEMS CLEVELAND, OH (ENG. LIB), REDONDO BEACH. CA (DAI) 
UNITEDKINGDOM Assoc Portland Cemem Mfg (WO Nutt)Croyden England, Cement & Concrete Assoc. 

(Library). Wexham Springs, Slough, Cement & Concrete Assoc. (Lit. Ex), Bucks, Cement & Concrete Assoc. (R. 
Rowe), Wexham Springs, Slough B, D. New, G. Maunsell A Partners, London, Shaw & Hatton (F. Hansen). 
London. Taylor, Woodrow Constr (0I4P). Southall, Middlesex, Univ. of Bristol (R. Morgan), Bristol 

WESTINGHOUSE ELECTRIC CORP. Annapolis MD(Oceanic Div Lib. Bryan), Library. Pittsburgh PA 
WISS. JANNEY. ELSTNER. & ASSOCNonhbrook. IL(J. Hanson) 
WM CLAPP LABS - BATTELLE DUXBURY. MA (LIBRARY). DUXBURY. MA (RICHARDS) 
WOODWARD-CLYDE CONSULTANTS PLYMOUTH MEETING PA (CROSS, III) 
AL SMOOTS Los Angeles, CA 
BRYANT ROSE Johnson Div. UOP, Glendora CA 
BULLOCK La Canada 
F.HENZE Boulder CO 
CAPTMURPHY SAN BRUNO, CA 
GREG PAGE EUGENE. OR 
T.W. MERMEL Washington DC 
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